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Abstract 
Basidiomycetes Lentinula edodes (Shiitake mushroom) is the second most 
commonly cultivated mushroom worldwide and also one of the major exporting 
mushroom products in China. However, little is known about the molecular 
mechanisms underlying the developmental program of this mushroom. In this study, 
the promoter sequences of differentially expressed genes in either primordial stage or 
mycelial stage were obtained and characterized using the ACP (Annealing Controlled 
Primed) PGR aided DNA walking or the adapter aided DNA walking (Universal 
genome walker). The 5' flanking regions of 55 differentially expressed genes (DEG) 
were isolated, cloned and characterized. Promoters were predicted, validated and 
extracted with the neural network algorithm and clustered. The conserved putative 
transcription factor binding sites (TFBS) on the promoters were identified by 
computational approach MEME. NIT2, mating type factor A binding sites were 
identified in the motifs by P-Match algorithm. The putative TFBS identified in L. 
edodes were also compared with the predicted TFBS homologue in Coprinus cinereus 
to identify the evolutionary conserved TFBS. Attempt in cloning mating type factor A， 
a homeobox transcription factor, was also done by positional cloning from 
mitochondrial intermediate peptidase. 
Hydrophobin is a group of differentially expressed gene during fruiting bodies 
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development. Four novel hydrophobins (hyd3, hyd4, hyd5 and hyd6) were identified 
in this study. By Real time RT-PCR analysis, the expression level of the four new 
hydrophobins was found to be developmental stage specific, suggesting their potential 
role in developing the fruiting bodies. Promoter regions of hydl and hydl are also 
isolated and the binding sites of Le-cdc5 or PriB were identified. This indicates that 
their expression may be controlled by these transcriptional factors. 
Furthermore, genetic transformation of L. edodes was carried out by different 
transformation methodologies like the PEG transformation, electroporation and 
particle bombardment. Different isolates conferring bialaphos resistance were 
analysed by PGR. Transient GFP expression was observed by confocal microscopy. 
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Chapter One Literature Review 
1.1 Introduction 
Mushroom production is important since there is a scarcity in many natural 
resources. The saprophytic nutrition of mushrooms enables them to utilize industrial 
and agricultural waste and converting them into food. Also, the spent mushroom 
compost after harvesting the mushroom, containing a battery of degradation enzymes, 
can also be used as a bioremediating agent and fertilizer (Chiu et.al. 2000). 
Furthermore, mushroom is a kind of functional food with high levels of proteins, 
amino acids, vitamins, minerals, and lower levels of fats than plants (Jones, 1995). 
The worldwide production of mushrooms was increasing stably from 1998 to 
2005 (Fig 1). China is the top mushroom producer and exporter for mushroom 
products, including Agaricus bisporus, Lentinula edodes, and Ganoderma lucidum 
(Moore and Chiu, 2001; http://www.americanmushroomist.org; http://apps.fao.org). 
Therefore strain improvement of mushroom cultivation will be beneficial for both 
environmental and economical aspect. 
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Fig. 1.1 World production of mushrooms in metric ton, data from Food and 
Agricultural Organization of the United Nations, http://apps.fao.org 
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1.1.1 About L edodes 
L. edodes (Berk.) Pegler, [L. edodes (Berk.) Sing.], (common name - black forest 
mushroom; Chinese name — Shiang-gu or Xiang-gu; Japanese name -- Shiitake) is the 
second most commonly cultivated mushroom worldwide and also one of the major 
exporting mushroom products in China (Jones, 1995). Owing to its high nutritional 
and medicinal value, also a remarkable source of antioxidants, the demand of this 
mushroom is increasing in the west (Chang et al. 1993，Chang and Miles, 1989). 
Estimated world-wide production was 234 kilo tons in 1983，and increased to 393 kilo 
tons in 1990 (Chang, 1989). L edodes became the second most cultivated mushroom 
in the world after A. bisporus (Yamanaka, 1995). 
L edodes is classified into Eukaryota; Fungi; Basidiomycota; Hymenomycetes; 
Homobasidiomycetes; Agaricales; Tricholomataceae; Lentinula. It is postulated to be 
originated in Asia-Australasia (Tanaka et al., 2004). The cultivation of L edodes in 
China was started early during the Sung Dynasty (960-1127 A.D.), and mainly 
localized at the temperal climate (Przybylowicz and Donoghue, 1990). 
Strain improvement of Shiitake has been done using protoplast fusion 
(Kawasumi et al., 1988; Kim and Kim, 1997) and transformation (Sato et al.，1998). 
However those attempts are still preliminary and there is no commercial transgenic 
Shiitake in the market yet. 
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1.1.2 Nutritional and medicinal values of L. edodes 
The nutritional and medicinal values of L edodes have long been appreciated. It 
has been shown to be rich in minerals, vitamins, essential amino acids, and glucans 
(Table 1). Also, L. edodes is also used to treat some health problem such as measles in 
children, bronchial inflammation, stomachache, headache, faintness, dropsy (fluid 
accumulation in tissues), smallpox, and mushroom poisoning (Jones, 1995). 
A number of glucans and polysaccharides have been shown to be useful in 
anti-tumor, anti-fungal, immunopotentiating, etc. a (l->3)D-glucan and /3(1~>3) 
D-glucan extracted from L. edodes was reported to be a potent anti-tumor agent of the 
mushroom and have immunomodulatory effect (Zhang et al. 2002) Besides, Lentinan, 
a famous water-soluble polysaccharide in L. edodes, has been shown to be antitumour 
and antimetastatic, therefore it has been introduced to treat gastric cancer (Nakano et 
al., 1999; Suzuki et al., 1994). It is also demonstrated to inhibit various bacteria, virus 
and parasites(Karavaeva and Kashkina, 1994). Other important compounds isolated 
from L. edodes are listed in table 1.2. 
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Figure 1 1 The life cycle of L edodes (modified from Przybylowicz and 
Donoghue, 1990). 
Table 1.1 Example of compounds isolated from L edodes and their potential uses. 
Name Biological function(s) 
Cortinellin Antifungal 
Eritadenine Inhibitor of HMG CoA reductase, lowering of blood pressure, 
reduction of cholesterol, antithrombotic activities 
Lentinan Antitumor, stimulation of immune systems, increase of HIV 
resistance, antiviral, antibacterial and antifungal, antidiabetic 
Thioproline Antitumor 
(Kues and Liu, 2000) 
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1.1.3 Life cycle of L edodes 
L edodes processes a heterothallic life cycle (Kues and Liu, 2000). The haploid 
basidiospores germinate in suitable substrate, forming monokaryotic mycelium. 
Monokaryotic mycelium will not undergo sexual cycle to form fruiting bodies. 
Monokaryotic mycelium will colonize the substrate and find a mating partner, which 
contains compatible A and B mating type alleles to form dikaryotic mycelium. Such 
mating system is known as the tetrapolar system. Dikaryotic mycelium containing 
nucleus from both parent will form after mating, and have a faster grow rate than both 
of its parents. One of the key features of the dikaryotic mycelium is the formation of 
clamp connection during cell division (Przybylowicz and Donoghue, 1990). 
The dikaryotic mycelium will further colonize the substrate and undergo the 
sexual cycle to form fruiting bodies and spores, usually after nutrient depletion. The 
first step is the formation of hyphal knots from the aggregation of hyphae. Those 
hyphal knots will further develop into primordium under suitable conditions. The 
primordium will grow and develop into fruiting bodies and mature. Gills containing 
basidia is the site of spore formation. The two nuclei fuse in the basidia and meiosis 
occurs immediately, forming four basidiospores. The basidiospores exposed to air as 
fruiting bodies mature and will disperse to the surroundings. The basidiospores 
germinate in different substrates nearby and the life cycle is repeated. 
1.1.4 Environmental factors affecting fruiting body formation in L. 
edodes 
L 
Among the environmental factors affecting in L edodes development, cold shock 
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treatment has been used to induce fruiting body formation. The effects of cold shock 
include the change of polar to non-polar lipid ratio, change of the fatty acid saturation 
and increase in the uptake of glucose and aspartic acid (Song et al 1991). Another 
model suggested the mechanism for the induction of fruiting body formation in L 
edodes after cold shock is related to the change of membrane structure. The change in 
fatty acid composition between the mycelia to fruiting body is mediated by the A 9 
fatty acid desaturase (Sakai et al 2003). Although the effectors responsible for 
fruiting are found, the genetic factors, especially the transcription factors regulating 
the expression of those genes have not been discovered yet. 
Light is a very important factor in fruiting body development. In C. cinereus, 
blue light and mating type factor A has been shown to regulate all important 
developmental processes (Kues et al., 1998). In A-activated monokaryotic 
transformants, only the mycelium exposed to white or blue light can form oidia, 
hyphal knots, sclerotia, and chlamydospores. Other wavelength of light has no effect 
on the developmental process (Kues, 2000; Kues et al., 1998). Light has been shown 
to be more important in early developmental states (Kues, 2000; Wessels, 1993). Also, 
the fruiting body development has been shown to be perfectly synchronized to the 
light dark rhythm fixed by the normal day and night cycle in C. cinereus (Kues, 
2000). 
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Other factors affecting fruiting body development include CO2 concentration. 
High CO2 concentration results in the formation of deformed fruiting bodies also 
inhibit the formation of primordium. The optimal concentration of CO2 for fruiting 
bodies formation should be lower than 0.2%. The effect of low CO2 concentration is 
also drastic and inhibits the formation of fruiting bodies completely (Przybylowicz 
and Donoghue, 1990; Wessels, 1993). 
1.2 Molecular mechanisms of fruiting body development in L edodes 
1.2.1 Expression profiling and identification of differentially 
expressed genes during fruiting 
A number of methods have been employed to identify the differentially 
expressed genes in L. edodes. Using RAP-PCR，13 RAP fragments were identified to 
be differentially expressed and have significant homology with the known genes 
(Leung et al. 2000). The gene homologies encodes involved in membrane transport, 
cell cycle control, signal transduction, intracellular molecule trafficking and energy 
metabolism, implying that those metabolic pathway may involve in fruiting bodies 
developement. SAGE and microarray studies have been used to compare the 
differential expression patterns between the mycelial and primordial stage (Chum, 
2000). During the development of primodium, the amount of transcripts responsible 
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for the production of structural proteins increases. The structural proteins such as 
hydrophobins and serine rich proteins may be involved in growth and development of 
the fruiting bodies. Other up-regulated genes are those encoding ribosomal proteins, 
suggesting high translational level during fruiting body formation. Northern analyse 
were preformed on selected genes to confirm the expression levels determined were 
valid. 
Similar approach was done before with representational difference analysis 
(RDA), 20 candidate genes have been identified to be abundantly transcribed during 
the fruiting bodies development, including genes from TCA cycle, G protein y, 
ubiquitin ligase, elongaton factors and the cytochrome P450 family (Miyazaki et al, 
2005). Those genes are involved in general metabolism, cell structure, signal 
transduction, and responses to stress. However, transcription factors were not 
identified in these studies, the reason behind may be the low abundance of those 
transcripts. 
Transcription factors have been identified in L. edodes. Le-cdc5 gene, a 
homologue of yeast cdc5, was demonstrated to be actively transcribed in primordia 
and young fruiting bodies of L. edodes, suggesting its role in the early development of 
fruiting bodies (Miyazaki et al. 2004). It was found to bind to a 7b.p. sequence (5， 
GCAATGT 3，）and is regulated by phosphorylation by cAMP dependent protein 
9 
kinase. Also priA (Kajiwara et a l , 1992) and PriB (Miyazaki et al., 1997) protein 
were found to be involved in fruiting bodies development. PriA contains an 
N-terminal hydrophobic sequence, putative zinc-binding motifs and C-terminal 
membrane-binding motif, the deduced binding sequence of PriA was a 26b.p. CT rich 
motif. The deletion of such motif will results in the reduction of transcript expression 
of the promoter, which is observed by reduced bialaphos resistant gene expression in 
C. cinereus. The CT motif is suggested to form an intramolecular triplex, and 
increases the binding of RNA polymerase into the transcription start sites (Yamazaki 
et al., 2000). PriB protein contains two putative DNA binding motifs, the Zn(II)2Cys6 
zinc cluster motif and the bZIP motif. Also PriB contains a nucleus localization signal 
and a putative phosphorylation signal, suggesting that the protein can be regulated by 
phosphorylation. The deduced binding site of PriB protein was reported as 
5, GGGGGGGACAGGANCC 3,. 
After determination of the putative binding sites, efforts have been made to find 
the target genes of the transcription factors. One gene is the mfbC gene (Miyazaki et 
al., 2004), which is a target gene of priB protein (Miyazaki et a l , 1997). The mfbC 
transcript is expressed specifically in mature fruiting bodies, located at hymenophores 
and the outer region of trama. This suggests that mfbC may not involve in the 
production of basidiospores but the differentiation of trama cells to subhymenium. 
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The gene with the most drastic change in expression level upon fruiting body 
development is hydrophobins. Hydrophobins are small, hydrophobic proteins 
containing a distinctive eight cystein residues (Wessels et al.，1991). The residues 
form four disulphide linkages, the size of the loop (between the linkages) divides the 
hydrophobins into class I and class II (Wessels, 1997). The roles of hydrophobins are 
very diverse, from cell growth, escaping water surface, development and virulence in 
fungi (Wosten, 2001). Hydrophobins expression is particularly interesting, for they 
differentially expressed during development (Kershaw and Talbot, 1998). Their strong, 
stage specific promoters are therefore useful information for the identification of 
developmentally important transcriptional factors in fungi. Ng et al. (2000) have 
already isolated two developmentally regulated hydrophobins in L. edodes {hyd\ and 
hydl), their expression profiles may suggest their role in the fruiting body 
development (Ng, 2000). 
1.2.2 Changing in membrane structure 
The shift of membrane structure has been investigated during the fruiting bodies 
development in L edodes (Sakai and Kajiwara, 2003; Sakai and Kajiwara, 2004; 
Sakai and Kajiwara, 2005). It was shown that during fruiting bodies development, the 
proportion of unsaturated fatty acid increases, as those in the cold stress, in order to 
maintain the membrane fluidity (Song et al., 1989). However, unlike other unsaturated 
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fatty acid, linoleic acid (CI8:2) in phosphatidylcholine decrease during fruiting body 
development (Sakai and Kajiwara, 2004). Recently, a Delta 12 fatty acid desaturase 
gene LeFAD2 was cloned and sequenced in L edodes. The author suggested that the 
regulation of cell membrane structure may involve in the substrate affinity of the 
enzyme LeFAD2 (Sakai and Kajiwara, 2005). 
1.2.3 The signal transduction cascade 
The fruiting events have been shown to be regulated by transcription factor 
binding sites in organisms other than basidiomycetes. For example, the expression of 
Myxobacterial hemagglutinin (mbhA), which induces the formation of fruiting body 
in Myxococcus xanthus, is regulate by binding motif has also been located at 89 to 
276 nucleotides upstream the mbhA promoter. The sequence has been shown to be 
recognized by the RNA polymerase sigma 54 subimit (Romeo and Zusman 1991). 
However, little is known about the molecular mechanisms underlying the 
developmental program of Shiitake mushroom. Genetic transformants of L. edodes 
over-expressing PriA gene was shown to have a decrease in zinc ion acumination, 
indicate that fruiting body development may involve change in intracellular metal ion 
concentration (Ishizaki and Shishido, 2000). However the expression of priA in 
Escherichia coli, on the other hand, will cause the increased heavy metal sensitivity 
(Ishizaki et al., 1999). 
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The study of fruiting body development was usually done in two model organism, 
Coprinus cinereus and Schizophyllum commune. Mating type genes are particularly 
important in regulating fruiting body development. Besides overcoming self-sterility 
of monokaryon by introducing heterogenic A gene, the mutation of A mating type also 
cause the monokaryotic fruiting (Swamy et al., 1984). The reason of the activation of 
A mating type mediated pathway is the fusion of the two homeodomain protein at the 
mating type loci, causing the activation of the transcription regulating activity of the A 
mating type gene (Kues and Liu, 2000). The B mating type loci contains multiple 
genes, a pheromone receptor, pheromones and a pheromone transporter (Hsueh and 
Shen, 2005). In the mutant Amut Bmut, the mutated B mating type loci was found the 
pheromone receptor was constitutively active, leading to the activation of B regulated 
developmental program. The exact pathway of mating type genes in fruiting processes 
is still unknown, efforts has been made to identify the downstream effectors of the 
mating type pathway. One of the important genes is the frt\ from S. commune (Horton 
and Raper，1991). Frt\ is a novel transcription factor containing a conserved p-loop 
motif. Also, it contains a Mg2+ binding site. The introduction o f f r t \ induces fruiting 
in monokaryon, overriding the self sterility. Also the mutation of p-loop motif in frt\ 
will destroy the fruiting inducing properties of the gene (Horton and Raper, 1995). 
However, those genes are not regulated at transcription level since the gene are not 
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differentially expressed in the course of fruiting body development. 
1.3 Transformation in L. edodes and in other fungi 
1.3.1 Transformation of L. edodes 
One important aspect in studying fruiting body formation is the transformation of 
L. edodes. Until now, there is no efficient system for the transformation of this 
important fungus. Different approaches have employed to increase the transformation 
efficiency of this mushroom, mainly to increase the integration efficiency. The highest 
transformation efficiency of L. edodes reported before the study is 18 transformants 
per 2.5 [jl g DNA, using REMI (Restriction Enzyme Mediated Integration) to 
introduce the plasmid vector into the genomic DNA (Irie et al. 2003). REMI is to 
apply restriction enzyme to increase the rate of integration of vector into the host 
genome (Sato et al., 1998). Restriction enzymes in the transformation mixture will 
remain inactive, until the transformation procedure brings the enzyme together with 
the vector into the host cell nucleus, in which the condition activates the enzymatic 
activity. The enzyme will briefly cut the genome, and the repair mechanism will 
integrate the vector introduced into the genome, thus increasing the integration 
efficiency (Mullins and Kang, 2001). The introduction of 50 units of Sal I can 
increase the transformation efficiency in L. edodes by approximately 10 fold (Hirano 
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et al., 2000; Sato et al., 1998). 
Another approach to increase the integration efficiency is to introduce a long 
homologus sequence. It is reported that marYl, a long terminal repeat of from 
Tricholoma matsutake, can cause multicopy DNA integration in L. edodes (Murata 
2004). However, most of these systems used ras promoter or Le-GPD promoter for 
their expression (Hirano et a l , 2000), which is constitutive but relatively weak. 
Therefore it hindered the expression of heterologus gene for studying the molecular 
mechanism in fruiting body development in Shiitake. 
Most of the transformation experiment reported in L. edodes is PEG mediated 
transformation. High concentration of PEG will be added to L. edodes protoplasts and 
facilitate the introduction of foreign DNA, by clumping the cells and trapping the 
DNA (Ruiz-Diez, 2002). Usually the concentration of PEG added is similar to other 
fungi, up to 10 volume of 40% PEG will be used in transformation experiment 
(Fincham, 1989). 
In order to have efficient transformation by means of PEG, obstruction such as 
fungal cell wall must be removed prior to the experiment. Optimization of protoplast 
regeneration will therefore be the key to provide enough viable protoplast for PEG 
transformation experiment (Kofer et al., 1998). Effective protoplast release method 
has been reported with 10^ protoplasts release per experiment, using Novozyme 234， 
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Chitinase and Cellulase Onozuka as digestive enzyme. The protoplasts released have 
been shown to have intact mating type and able to form fruiting bodies after treatment 
(Kawasumi et al., 1987). However, there is some reports indicate different optimal 
condition of protoplast release in different strain, Kim et al. has shown that in a 
auxotrophic mutant in L. edodes, in place of mannitol used by Kawasumi, sucrose will 
cause a two fold increase in regeneration frequency in regeneration medium (Kim and 
Kim, 1997). The size and DNA content of the protoplast formed was also determined 
as 3-5 micron and 5pg respectively. Also, both research has the same conclusion that 
L edodes culture in liquid medium yields more protoplast than those in agar plates. 
Recently, there is a report of significantly increase in transformation efficiency 
(Li et al., 2006). By specifically troubleshoot three major problem in L edodes 
transformation: intracellular nuclease, negative charge of foreign DNA and 
aggregation of protoplast, the transformation efficiency of L. edodes boosted up to 
80-180 transform ants per fi g DNA per 10^ trans formants. Aurintricarboxylic acid 
(ATA) was added as nuclease inhibitor, together with heparin as an anticoagulant and 
spermidine to neutralize the charge. Similar method has been applied to increase the 
transformation efficiency in other fungi like Pleurotus ostreatus. 
The absence of efficient transformation system prevented the use of techniques 
like gene knockout and GFP fusions in the study of the fruiting mechanisms in L. 
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edodes. It is therefore important to development such system as more genomic data is 
available. 
1.3.2 Transformation in other fungi 
Different attempts of transformation methods have been developed in 
filamentous fungi. PEG transformation, electroporation and biolistics mediated 
transformation are the three most common methods for genetic transformation in 
flmgi (Ruiz-Diez, 2002). 
The selectable markers to select different fungi are similar, common selectable 
markers such as the hygromycin B resistance gene that encodes the hygromycin 
phosphotransferase {hph). Another common selectable marker is bialaphos resistant 
gene {bar), encoding the phosphinothricin acetyltranserfase. Phosphinothricin (PPT) 
is the functional component of bialaphos, produced after cleavage of bialaphos 
intracellularly. It has been used as a selectable marker to express manganese 
peroxidase in Phanerochaete chrysosporium also in Pleurotus ostreatus (Ma et al., 
2003; Yanai et al., 1996). Other drug resistant markers are listed in table 1.1. 
Auxotrophic markers are also ultilized to select positive transformants. However, 
those markers may not be as good as drug resistance marker for the genetic 
background of the host needed to be considered. 
Similar approach for transforming L. edodes was used to transform A. bisporus 
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using PEG transformation to introduce hygromycin B resistance gene to the mycelial 
cells. A promoter from the unrelated ascomycete A. nudulan was used in the 
experiment to drive resistance gene expression. Surprisingly, the introduction of a 
homologus gene did not increase the transformation efficiency significantly (van de 
Rhee et a l , 1996). 
Alternative methods in PEG transformation have been developed to circumvent 
the low transformation efficiency. Electroporation has been used to transform DNA 
into Pythium aphanidermatum (Weiland, 2003). Expression of GUS gene and 
geneticin resistance has been observed in the transform ants. Althrough the 
transformation efficiency is not very high (22 transform ants per 10/z g per 1 
protoplasts), the rate of transformation is still higher than the PEG approach. 
Biolistics approach is usually employed if the host organism failed to uptake 
DNA by procedures mentioned above (Mullins and Kang, 2001). Foreign DNA being 
introduced is coated onto gold or tungsten particles, and delivered using high 
pressured helium gas, to accerlerate the coated gold particle to bombard the cells. In 
Puccinia triticina, transient expression of GUS gene has been successful in spores and 
germ tube (Webb et a l , 2005). The lowest pressure to obtain a transformant is 450 psi, 
the optimal pressure is 900 psi, indicating that a relatively high velocity is required to 
introduce the gold particles into flingal cells, particularly spores. 
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To comparing different transformation methodologies, four transformation 
methods has been tested in Aspergillus giganteus, including the standard PEG 
transformation, electroporation, biolistic transformation and Agrobacterium 
tumefaciens mediated transformation (Meyer et al., 2003). It was shown that in PEG 
transformation, the efficiency decrease as protoplast concentration increases, also 
electroporation and biolistic are difficult in transforming Aspergillus. A. tumefaciens 
mediated transformation is the most effective way for transforming A. giganteus, 
about 1000 times more efficient than PEG transformation. 
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Table 1.2 Selectable marker commonly used in fungal transformation (Fincham, 
1989). 
Marker gene Species of origin Phenotype (s) Genera the marker 
used in 







Neo'' E. coli kanamycin, G418 resistance Schizophyllum 
Ustilago 
Phycomyces 
Benf Neurospora crassa Benomyl resistance Colletotrichum 
Gaeumannomyces 
oliC Aspergillus niger Oligomycin resistance Aspergillus 
amdS Aspergillus nidulans Acetamide utilization PeniciIlium 
Cochliobolus 
Collectotrichum 
pyr-4 N, crassa Pyrimidine biosynthesis Aspergillus 
Penicillium 
argB A. nidulans Arginine synthesis Aspergillus 
Magnaporthe 
blar E. coli P-Lactamase Saccharomycetes 
lacZ E. coli P-Galactosidase Aspergillus 
2 0 
Table 1.3 Number of DNA binding protein and the total transcripts in five model 
organisms (Babu et al.，2004). 
Number of Number of proteins with Percentage of transcripts 
Organism 
transcripts DNA-binding domains containing DNA-binding domains 
E. coli 4280 267 6.2 
S. cerevisiae 6357 245 3.9 
C elegans 31677 1463 4.6 
H. sapiens 32036 2604 8.1 
A. thaliana 28767 1667 5.7 
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1.4 Bioinformatics tools for comparative promoter analysis 
Transcriptional regulation stimulates many biological processes, and the 
transcriptional network is extremely complex. The combination of transcriptional 
factors and their corresponding binding sites dictates the precise expression pattern of 
every single gene (Pilpel 2001). Interestingly, the transcriptional factor binding sites 
are very short and may be degenerative, leading to the difficulties of their 
identification by their sequences alone. Those motifs however are considered more 
evolutionarily conserved than other non-functional region located at the promoter 
regions. Also, the conservation of interaction of the transcription factor to their 
binding sites closely related to their phylogenetic distance (Babu et al.，2004; 
Pereira-Leal et al., 2006; Wittkopp et al , 2004). Examples utilizing such evolution 
conservation approach to identify TFBS are reported by NF kappa B and Oct binding 
sites identification (Fogel et al., 2004)，also the Compare-Prospector (Liu et al.，2004) 
and MONKEY (Moses et al., 2004). 
The first step to utilize the genomic sequences in the database for promoter 
analysis is to predict them by in-silico approaches (Chang et al., 2006). Many 
computational methods have been developed to identify the promoter sequences of 
the 5，flanking region of the annotated genes. These include the neural network 
(Reese, 2001)，the gene algorithm "promoter 2.0" (Knudsen, 1999) or Proscan 
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(Pretridge, 1995). For the signal for the recognition of RNA polymerase II is 
relatively conserved among eukaryotes, patterns such as CCAAT box, TATA box and 
the GC rich region can be usually identified using these programs. Also, programs are 
developed to batch retrieval of known promoters in human genome, like the 
EZ-retrieve (Zhang et al., 2002). 
After clustering the genes according to their expression patterns, the putative 
co-regulated promoters will be used for the identification of common transcriptional 
factor binding sites. Programs such as Consensus (Qiu 2003)，MEME (Bailey and 
Elkan, 1994) and TRES (Katti et al., 2000) are often used for searching common 
transcriptional factor binding sites by aligning the sequence alone. Clustal W，Clustal 
X and VISTA can also be applied to find novel regulatory motifs. Statistical models 
have been developed to identify the significant motifs, like using the Bayesian 
clustering method and k-mean clustering method (Qin et al” 2003). 
The advantage of integrative promoter analysis across species and correlate 
with the expression data using computational methods is to eliminate false positives. 
Since TFBS are relatively short (5-25b.p.) and sometimes bind to degenerate 
sequences. Therefore, if only one promoter sequence is used for searching the 
cis-regulatory element, often thousands of positive hits will be obtained, masking the 
functionally important result. Using microarray data and promoter sequences, 
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REDUCE (regulator element detection using correlation with expression) has been 
used to identify TFBS related to cell wall stress in S. cerevisiae (Boorsma et al., 2004; 
Garcia et al., 2004). A systematic approach has been developed to find TFBS from 
promoter sequences with expression data, namely promoter analysis pipeline (PAP). 
This program can filter the statistically insignificant TFB motifs by overrepresentation 
for the CO-regulated genes promoters, also by analyzing orthologus promoter in 
multiple species. A schematic diagram of the pipeline is shown in Fig 1.3 (Chang et 
a l , 2006). 
Besides the programs for the identification of TFBS, many TF and TFBS 
databases have been developed to provide experimental information on the known TF. 
Examples are TRANSFAC (Hehl and Wingender 2001)，PLACE (Higo et al 1999), 
JASPAR (Sandelin et al., 2004; Vlieghe et al” 2006) and ooTFD (Ghosh 2000). 
TRANSFAC 7.0 Public contains 6133 regulators entities and 7915 binding sites 
entities. Among them, 101 are fungal regulators and have 230 binding sites associate 
with these regulators. TRANSFAC 10.1 Commercial contains 8021 regulators entities 
and 17492 binding sites entities. With numerous TF and TFBS information available, 
most of the biologically important TF binding motifs can be identified. 
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A set of Co-expressed genes Define and Retrieve 
Promoters from NCBI 
’ ’ 广 ~ 、 I 
A Distribution of <R-score> of \ ‘ ‘ 
All TFs _ \ Orthologous Promoters 
PAPdb \ in Multiple Species 
Binding Sites of TFs Predicted ^ — 
to Regulate These Genes ，r 
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，r • Sequences 
Prediction of Other Genes In the \ 
Genome Regulated by the \ 
Same Set of TFs J Conserved Sequences in 
Database of TFs ^ Promoters 
(TRANSFAC and 
JASPAR) 
Fig 1.3 An overview of the promoter analysis pipeline (PAP) for systematic 
identification of transcription factor binding sites (Chang et al., 2006). 
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1.5 Objectives and significance 
The objective of this study is to gather information on the transcriptional 
regulation during fruiting bodies development. First, we try to identify and sequence 
the promoters of differentially expressed genes during fruiting bodies development. 
From the promoter sequences, then the TFBS responsible for the transcriptional 
regulation will be identified. Also, we try to validate the motifs found by identifying 
the evolutionary conserved putative TFBS by comparing the promoter analysis results 
from C. cinereus, a model organism for basidiomycetes. In hope to test the activity of 
promoters identified, we try to develop an efficient transformation system for L. 
edodes. Different approaches such as PEG transformation, electroporation and 
biolistics were tested and the expression of heterologus gene was monitored by GFP. 
We also continue our studies on hydrophobins in L edodes. Hydrophobin is a 
well known fungal specific gene expressed during different developmental stages. In 
this study, the ESTs available were analyzed to identify the number of hydrophobin 
alleles in L. edodes. Also, expression profiling and promoter sequencing were 
performed to study the expression of the hydrophobins. 
The elucidation of transcriptional regulatory networks will lead to deeper 
understanding of most biological processes in L edodes. In the long term, this will 
increase the yield and quality of mushrooms. 
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Chapter Two Promoter analysis of differentially expressed 
genes (DEGs) in the fruiting body development in L edodes 
2.1 Introduction 
Many biological processes such as cell growth, environmental adaptation and cell 
development are regulated at transcriptional level, while the mechanisms of such 
regulations are conserved among eukaryotes (Struhl 1995). One of these mechanisms 
is the specific binding of Transcriptional factors (TPs) onto a specific DNA sequence 
called transcriptional factor binding sites (TFBS). TFBS are 5-25b.p nucleotides 
located at the 5' flanking region before the transcription start site (Wei et al., 2004). 
Controlling the gene expression patterns, the removal of TFBS can lead to complete 
silencing of the gene. It is also shown that the TFBS fusion into the CaMV35S 
promoter can alter the expression pattern of the reporter gene in plant (Qiu 2003). 
Therefore, TFs and their corresponding binding sites are indispensable information in 
gene regulation. 
Previous studies of the fruiting mechanisms of the other mushrooms mainly focus 
on the detection of the differentially expressed genes, generating large amount of data 
on the expression levels of the ESTs (Leung et al., 2000; Miyazaki et al., 2005). With 
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these data, the transcriptional regulatory network of the fruiting body development 
can be deduced, leading to a deeper understanding of the fruiting mechanism. Current 
information about TF and TFBS in L edodes is very limited. Three transcription 
factors LepriA, PriB and Le-c(ic5, have been identified. 
Our objective is to obtain and sequence the promoters, which contain specific 
motifs for fundamental transcription and for specific regulatory functions in L. edodes, 
and identify motifs with computational methods. 
The promoter sequences of 50 differentially expressed genes in either primordial 
stage or mycelial stage has been obtained and characterized using the ACP (Annealing 
Controlled Primed) PGR aided DNA walking and the adapter aided DNA walking 
(Universal genome walker). 5' flanking regions of 55 differentially expressed genes 
(DEG) were isolated, cloned and characterized. The 5’ flanking regions were 
predicted, validated and extracted with the Neural Network Algorithm (Reese, 2001). 
For the signal for the recognition of RNA polymerase II is relatively conserved among 
eukaryotes, patterns such as CCAAT box, TATA box and the GC rich region can be 
identified using these programs. The promoter sequences obtained were clustered into 
different groups, and the conserved transcription factor binding sites on the promoters 
was identified by computational approaches like MEME and Weeder web, then 
comparing with the information of cis-regulatory elements from TRANSFAC 
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database. 
2.2 Materials and methods 
2.2.1 Strains and cultivation conditions 
Lentinula edodes strains A, B and L54 were used in this study. The mycelium 
was grown in artificial log (80% sawdust, 20% wheat bran) for 2-3 month or on PDA 
(potato dextrose agar) for one week at 25°C. Fruiting body formation was induced by 
cold shock (4°C overnight) the artificial logs fully grown with mycelium. Then the 
induced logs were kept at 16 until primordia, young fruiting bodies and mature 
fruiting bodies formed. 
2.2.2 Genome walking of the 5，flanking region of the DEGs 
Extraction of genomic DNA 
Extraction of genomic DNA from L. edodes mycelium grown on PDA agar 
plates was done by Fast DNA kit (Qbiogene). About 200 mg of mycelium was 
transferred to 200}il double distilled water in the lysing matrix tube which contained a 
1/4" sphere, garnet and 1/4” cylinder. 800)^ 1 of CLS-Y was then added together with 
200^1 of PPS solution, lOOjil 10% polyvinylpyrolidone (PVP), llj^l IM DTT, ll |il 
IM sodium thiosulfate and 20|il 2% beta-mercaptoethanol were added to the tube. 
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After that, the mixture was then homogenized in the FastPrep® Instrument for 40 
seconds at a speed setting of 6.0 to lyse the cells. Then the sample was incubated in 
ice for 30 seconds. The cell debris and the protein precipitate in the cell lysate were 
removed by centrifugation at 14,000g for 15 minutes. The supernatant (about 600 -
TOOjil) was transferred to a 1.5ml eppindoff and 600|il of binding matrix was added to 
the supernatant. The tube was inverted to mix the matrix and the lysate, the mixture 
was shaked 5 minutes at room temperature. 
The matrix was collected by centrifuge at 10，000g for 1 minutes with the 
supernatant discarded. The pellet was resuspended in 500}al Salt-Ethanol Wash 
Solution (SEWS-M). The supernatant was discarded after collecting the SEWS-M by 
centrifugation at HOOOg. The matrix in the tube was air-dried for 30 minutes and then 
the DNA was eluted from Binding Matrix by gently resuspended in 100^ 1 DNA 
Elution Solution (DES) followed by a 2-3 minutes of incubation at room temperature. 
The tube was spun for 1 minute at lOOOOg and the supernatant was carefully 
transferred to a new tube and stored at -20°C. 
The concentration and purity of the DNA preparations were assayed by 
spectrophotometry measurements (OD260 and OD280). The quality of DNA was also 
examined by 1.0% gel electrophoresis in IX TBE buffer (prepared from lOX TBE 
stock solution which contains 0.9M Tris base, 0.9M boric acid and 0.002M EDTA). 
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2.2.3 Annealing Control Primed (ACP) PGR 
ACP PGR (Hwang et al., 2003; Kim et al., 2004) was first used for DNA walking. 
The DW-ACP Primers for ACP PGR contain two major parts: On the 5' end is the 
universal binding site, linked by the polydeoxyinosine in the middle, the 3’ end is the 
5-mer nucleotide of NGGTC. 
Three nested target gene specific primers (TSPl, 2 and 3) were designed 
according to the cDNA sequences of each differentially expressed gene. The 
requirements of these primers are 22-25 nucleotides long, Tm around 60°C and GC 
content greater than 50%. Oligo 4.05 primer analysis software (National Bioscience) 
was used in this study. 
First PCR reaction was commenced with 4 separate tubes for each gene, with 
DWACP 1, 2，3 and 4 added respectively. The reaction contains l|il of the genomic 
DNA prepared (50-100ng), 1^1 dNTPs (lOmM), 5 |il lOX reaction buffer (lOmM 
Tris-HCl, pH 9.0，50mM KCl and 0.1% Triton® X-100)，5 25mM MgCl� and 0.5 
|il Taq DNA polymerase (5U/|il; Promega). 
I 
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Table 2.1 Primer list for ACP-PCR reaction 
DW-ACPl 5'- TCACAGAAGTATGCCAAGCGAIIIIIAGGTC-3' 
DW-ACP2 5'- TCAC AG AAGTATGCC AAGCG AIimTGGTC-3 ’ 
DW-ACP3 5 T C AC AG AAGTATGCC AAGCG AIIIIIGGGT03 ’ 
DW-ACP4 5'- TCACAGAAGTATGCCAAGCGAmiICGGTC-3’ 
DW-ACP-N 5’- TCACAGAAGTATGCCAAGCGAIIIIINGGTC-3 ‘ 
Uni-primer 5，-TCACAGAAGTATGCCAAGCGA-3’ 
M 1 2 3 4 5 
I 
Fig 2.1 Construction of restriction digestion library of adaptor mediated genome 
walking. (From left to right) Lane 1: Forever ladder lOOb.p. kit (Seegene); Lane 2-5 
genome walking libraries 1-4; Lane 5: Control genome walking library (Roche) 
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l | i l of TSPl (10|liM) was then added to the reaction. The first cycle was conducted 
with annealing temperature at 42°C to allow only the 3 ’ end of the DW-ACP primers 
to bind to the 5' end of the unknown sequence, while the polydeoxyinosine linker will 
block the binding of 5' end of the ACP primer. Other PCR cycles were similar to the 
standard PCR (94°C, 40 sec, 55�C’ 40 sec, 72°C, 90 sec; 30 cycles). 
QIAquick PCR Purification Kit (QIAGEN) was used to remove the remaining 
primers after the first and second PCR reaction. Briefly, 5 volumes of PB Buffer were 
mixed with the PCR product, then transferred to the spin column. The column was 
centrifuged at lOOOOg for 1 minute with flow through discarded. 750 fjL 1 PE Buffer 
was added to the column to wash the column by centrifligation. The flow through was 
then discarded, followed by 1 minute centrifugation to remove the residue PE buffer. 
The column was transferred to a 1.5 ml tube, and 30 /i 1 of ultra pure water was added 
to the column with 1 minute incubation to elute the DNA. The purified product was 
then collected by centrifligation. 
l | il of the purified PCR products will be used in the second and third PCR 
reaction. The condition of the second and third PCR reaction was similar to the first 
PCR. Except for the second PCR, DW-ACP 1-4 was changed to DWACP-N and TSPl 
was changed to TSP2. Also for the third PCR, DW-ACP 1-4 was changed to 
Uni-primer and TSPl was changed to TSP3. The annealing temperature was increased 
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by 5°C from the first to second and the second to third PGR, 
The PGR products were analyzed on 1.5% agarose gel stained with ethidium 
bromide, and positive bands were excised for gel extraction, using the QIAEX II Gel 
Extraction Kit (QIAGEN). 
The gel purified bands were either sequenced directly or cloned, depending on 
the quality of the templates. pCR-Scripf^^ Amp SK(+) Cloning Kit (Stratagene) was 
used for cloning. 10//1 of purified PGR product was mixed with 1 [i 1 of 1 OmM dNTP, 
1.3 jjL 1 of lOX polishing buffer and 1 of 0.5 U cloned Pfu DNA and incubated at 72 
�C for 30 minutes to polish the PGR products. Then, 4 fi 1 of the polished PGR 
product was mixed with \ fi\ of pCR-ScriptTM cloning vector (10 ng//z 1 ), 1 //1 of 
pCR-Script lOx reaction buffer, 0.5 //1 of lOmM rATP, 1 1 of Srf I restriction 
enzyme (5U / fi 1), 1 ^ 1 of T4 DNA ligase and 1.5 //1 of ultra pure water. The mixture 
was then incubated at room temperature for 1 hour, followed by heating to 65°C for 
10 minutes to stop the reaction. 
The cloned products was transformed into XL 1-Blue MRF' Kan 
supercompetent cells (Stratagene). 40 of supercompetent cells was added to a 
1.5ml tube, then 1.6 ^ 1 of ^ -mercaptoethanol was then added to increase the 
transformation efficiency. 2/ i 1 of the cloned product was added to the cells. The 
mixture was mixed gently by tapping the tube and incubated on ice for 10 minutes. 
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The cells was heat shocked in a 42�C thermomixer for 30 seconds and put back on 
ice immediately. After incubating on ice for 1 minutes, 450 ji 1 of prewarmed (42°C) 
SOC medium (2% tryptone, 0.5% yeast extract, lOmM NaCl, 2.5mM KCl, lOmM 
MgC12, lOmM MgS04, 20mM glucose) was added to the cells and transferred to an 
autoclaved test tube. The tube was incubated at 37°C for 1 hour with shaking at 
225rpm. 80 //1 of the mixture was spreaded onto the LB-ampicillin-X-gal-IPTG agar 
plates containing 100 mg/L of ampicillin, 20 mg/L X-gal 
(5-bromo-4-chloro-3-indolyy- /5 -galactoside) and 20mg/L IPTG (Isopropyl-l-thio- jS 
-galactosidase) and incubated at 37°C overnight. 
E. coli colonies without any inserts were screened out by their blue colour. 
White colonies were screened by PGR with T3 (5’ AAT TAA CCC TCA CTA AAG 
GG 3,) and T7 (5' GTA ATA CGA CTC ACT ATA GGG C 3') as primers. The PGR 
reaction contains 0.5^1 of lOmM dNTPs, \.5\i\ of 25mM MgC12, 2.5^1 of lOX DNA 
polymerase buffer (Promega), 0.25|il of 20|iM T3 primer and 0.25|il of 20jiM T7 
primer, 1 U of Taq polymerase (Promega) and water to a final volume of 25|al. The 
PCR products were analysed with agrose gel electrophoresis and purified as 
described. 
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2.2.4 Construction of genomic DNA library 
The second method used to obtain 5，flanking region of DEG was the Universal 
Genome Walker (Roche) according to the manufacturer's suggestion with some 
modification. 25|il of genomic DNA extracted (0.1 |ig/|il) was mixed with 10|il 
restriction enzyme buffer (lOX) and 57|il deionized H2O. 8|il of corresponding 
restriction enzymes (10 units/|il) was added accordingly. Four enzymes Dral, Eco?N’ 
PvuW and Stul were used in this study. The mixture was mix gently by inverting and 
incubated at 3 7 � C for 16-18 hr. 
To purify the digested DNA, equal volume (95 |il) of phenol was added to each 
reaction tube and vortex for 10s. The tube was spin at lOOOOg for 1 minute, and the 
upper aqueous layer was transferred to a new 1.5ml tube. Equal volume (95 |il) of 
chloroform was added and vortex for 10s to remove phenol. The tube was spin again 
for 1 minute at lOOOOg. The upper layer was transferred to a fresh 1.5ml tube. 190 |il 
of ice cold 95% ethanol, 9.5 |il of 3 M NaOAc (pH 4.5), and 20 |Lig of glycogen were 
added and mix by vortex. The mixture was incubated at -20°C for 15 minutes and 
centrifuged at 15,000 rpm for 10 min at 4°C. The supernatant was decanted and 250|al 
of ice cold 80% ethanol was used to wash the pellet. The tube was air dried at room 
temperature and dissolved in 20}il double distilled water. 1 |il of purified DNA was run 
on 0.5% agarose/EtBr to determine the completion of digestion, so as to estimate the 
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quantity of DNA. 
The blunt end digests of the genomic DNA were ligated with the BD 
Genome Walker Adaptor (Clontech), by mixing 4 \x\ of digested, purified DNA with 
1.9 |il BD GenomeWalker Adaptor (25 |iM), 1.6 \xl lOX Ligation Buffer, 0.5 \x\ T4 
DNA Ligase (6 units/|il) in a 0.5ml tube respectively. The mixtures were incubated at 
16°C overnight. The reactions were quenched by incubation at 70°C for 5 min. 72 |il 
of TE buffer was added to each tube and mixed by vortexing gently to produce a 
genomic DNA library. 
2.2.5 Nested PCR to amplify the target sequences 
Two gene-specific primers UGWl and UGW2 were designated according to the 
sequences of the DEG as described, as close to the ends as possible to the known 
sequences. The primers were avoided from overlapping with each other to increase 
the specificity. The sizes of the primers for genome walking were 27-mer with content 
of 40-60%. 
The PCR mixtures were the same as described with the total volume amplified to 
50}iL The first PCR were done using API (Clontech) and the UGWl as primers. 1 
of each DNA library were added separately to each PCR reactions and mixed gently. 
The PCR was commenced using the two-step cycle: 94°C, 2 minutes; 94°C 25 sec, 72° 
C 3 min for 7 cycles; 94°C 25 sec, 6TC 3 min for 32 cycles; 6TC for products were 
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added to the second PCR reaction containing the same components as the first PCR. 
AP2 and UGW2 were used as primers for second PCR of the genome walking. The 
program for the second 7 min. The first PCR products were diluted 50 fold using 
double distilled water. l|il of the diluted PCR PCR was 94°C, 2 minutes; 94°C 25 sec, 
i r c 3 min for 5 cycles; 94°C 25 sec, 6TC 3 min for 20 cycles; 6TC for 7 min. 
The secondary PCR products were analyzed with agrose gel electrophoresis as 
described, and the bands of interested are cleaved and gel purified with QIAEX II Gel 
Extraction Kit (QIAGEN). Depending on the template quality, some of the 
gel-purified products are subcloned before sequencing as described. 
2.2.6 Cloning and sequencing of the 5' flanking region 
The sequencing reaction was carried out with the ABI PRISM™ dRhodamine 
Terminator Cycle Sequencing Ready Reaction Kit with AmpliTaq® DNA polymerase, 
FS (Perkin-Elmer). The reaction mixture included 30-90 ng of PCR product, 4.0//1 
Terminator Ready Reaction Mix(A-Dye Terminator labeled with dichloro[R6G], 
C-Dye Terminator labeled with dichloro[TAMRA], G-Dye Terminator labeled with 
dichloro[R110], T-Dye Terminator labeled with dichloro[ROX], deoxynucleoside 
triphosphates, dATP, dCTP，dITP, dTTP, AmpliTaq DNA Polymerase, FS, with 
thermally stable pyrophosphatase, MgC12, Tris-HCl buffer [pH 9.0])，1.0//l of 1.6/z 
M primer (T3 or T7), and ultra pure water to a final volume of 1 0 1 . The thermal 
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cycling was 96°C for 2 minutes, with 25 cycles of 96°C for 10 seconds, 50°C for 5 
seconds, 60�C for 4 minutes. The reaction mixture was kept at 4°C. 
The PGR product was ethanol/sodium acetate purified. 1 //1 of 3M sodium 
acetate (pH 4.6), 0.5 (i 1 of glycogen (20mg/ml, Roche) and 25 //1 of 95% ethanol was 
added to the reaction mixture and kept at -20°C for 30 min. The precipitate was 
collected by centrifugation at 14000g for 30 min at 4°C. The supernatant was 
discarded and the pellet was washed once with 200 [i 1 of 70% ethanol. The pellet was 
dried in a vacuum centrifugation and resuspended in 10 ji 1 Hi-Di form amide (ABI 
PRISMTM，Perkin-Elmer), followed by denaturation at 95oC for 2 min and chilling on 
ice. 
The purified products were run on ABI P R I S M t m 3100 Genetic Analyzer at 2.4 
kV for 30 seconds and the electrophoresis was run at 12.2 kV at 50�C for 140 
minutes. The raw data of the sequencing reaction was collected by ABI PRISMtm 
3100 Genetic Analyzer Data Collection software and analyzed by the ABI PRISM^^ 
3100 Genetic Analyzer Sequencing Analysis software. 
2.2.7 Determination of transcription start site by the Neural Network 
algorithm 
The sequences obtained from both methods were processed by Gene Jockey 
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(Biosoft) to remove the vector sequences and correcting the orientation of the 
sequences. The obtained 5' flanking regions were aligned with the EST sequences to 
chop the remaining cDNA regions. 
The 5’ flanking sequences are input to the Neural Network Promoter Prediction 
at the Berkeley Drosophila Genome Project 
(http://www.fruitflv.org/seq tools/promoter.html) to predict the transcription start site 
(TSS)，with the cut-off value of 0.8. The sequences containing no predicted TSS were 
either walked further with the procedures described or excluded in the promoter 
analysis. 
2.2.8 Identification of putative transcription factor binding sites 
Two computational methods were used to identify putative transcription factor 
binding sites in the promoter set. 
The promoter predicted was submitted to the Multiple Em for Motif Elicitation 
(MEME) fhttp://meme.sdsc.edu/meme/intro.html). The parameters of the input were 
set to expecting zero or one motif per sequence and the width of the motifs to be 
found to be 6 b.p. to 50 b.p. The results generated by MEME were analysed by 
comparing the putative TFBS against the JASPAR database. 
rhttp://mordor.cgb.ki.se/cgi-bin/iaspar2005/iaspar db.pl) Also, individual motifs 
identified were subjected to P-Match algorithm 
4 0 
nittp://www.gene-regulation.com/cgi-bin/pub/]Drograms/pmatch/binyp-match.cgi) to 
search for similar known fungal motifs in the TRANSFAC database. 
2.3 Results 
2.3.1 Construction of adaptor linked template for genome walking 
In this study, two sets of libraries were obtained. The first set is the DWACP 
library produced by amplification with the DWACP 1 to DWACP4, containing 
genomic DNA flanking with the universal primer binding sites and the deoxyinosine. 
The other is the Universal Genome Walker library, generated by digesting the 
genomic DNA at different sites. The average size of universal genomic DNA library 
was larger than 20kb. 
Fifty 5' flanking regions were isolated in this study with sizes of the sequences 
ranging from 420b.p. to 1651b.p. 
2.3.2 Sequence analysis and quality control 
The sequences were clustered according to their expression patterns, after 
removing vector sequences. The sequences with poor sequencing quality, generating 
significant homology with EST sequences, too short (<100b.p. from TSS) or have low 
score in promoter prediction were excluded in the promoter analysis to prevent data 
contamination. 
4 1 
Common characteristics of eukaryotic promoters CCAAT box, TATA box 
and the GC rich region were observed in most of the sequences, hydrophobin 1 
promoter sequence was given as an example. The characteristics of sequences for 
promoter analysis was shown in table 2.3. 
2.3.3 Comparison of various methods in genome walking 
In this study, the two main methodologies of isolating 5’ flanking regions were 
used. The specificity of the amplification was determined by the smearing of the 
amplified product and the number of bands generated. In general, some non-specific 
amplification was observed in most Universal Genome Walking PCR, whereas less 
non-specific amplification was presence in the ACP PCR. The problem could be 
overcome by cloning the specific fragments because the specific amplified product 
was still the major PCR products. 
However, the sizes of amplicons generated by the Universal Genome walker 
were usually larger (Fig. 2.3 and 2.4). For ACP PCR, palindrome sequences appeared 
in the amplification product, sometimes even no amplification product was present. 
2.3.4 Promoter analysis 
10 motifs were identified from both primordium and mycelium dataset using 
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both MEME/MAST system and the Weeder Web algorithm. The alignments of the 
MEME/MAST identified motifs were shown in table 2,6 with the P-value, position 
and orientation of each motifs listed. 
The motifs identified were compared against the fungi entries in TRANSFAC 
database using PMATCH algorithm (table 2.7; table 2.8) Most of the primordium 
specific motifs identified could not match any known fungal motif. Motif 4 has high 
similarity with NIT2 binding site, while motif 5 contains a MATal binding site. Most 
of the mycelium specific motifs identified did not have homology with the motif 
sequences. The NIT2 and MATalpha2 binding sites found in motif 1 and 2 are in the 
reverse strand. Only motif 4 contains a putative MAT alpha 2 site in the positive 
strand. 
4 3 
M 1 2 3 4 
SIH • 
Fig 2.3 3rd round ACP PCR ampification of Hypothetical serine rich protein 
(PEL0466) 5, flanking region. From left to right: 1. 100 base pair DNA ladder. 2. 
PEL0466 with DWACPl 3. PEL0466 with DWACP2 4. PEL0466 with DWACP3 5. 
PEL0466 with DWACP4 
M 1 2 3 
ggsM 
Fig 2.4 2nd amplification product of the Universal genome walker. From left to 
right: 1. 100 base pair DNA ladder. 
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1 GGGGGGGGGT CACAGTAGTA GAATGTATAT CACTTAACTG ACGTCGCTTT 
51 GGATTCAATG AAGCTTTCCC GATCTCTTCA CAAATGCGAT CCAGGATAAC 
101 GGCGCGCTCC AAGTTTACTA GCCTTCAGCG CTCAGCGCTC AGTGTCAAGA 
151 TCCTTCACTA TCCTTCAGTG CAACTCTGTA GGTCCGTCCC AGTGGCATCG 
201 AATTTCTAGT CACTAAATCG AGTTGAGATC GATGAGCGGC AAATGCAGGG 
251 GAATTTAATC TGGTGGTTAG ATATGCCAAA ATCATTCTGT CTGTTCAAAC 
301 CTTTGCTTCC GGCGATTATG CCAGGGATGA GCAGGGATGT AAGTGCGAAC 
351 AATATTATAT ATTGTTGTAC GTAGTTCTTC TTCAAAACGT AAGTACATCG 
401 AGAGAGAGAG CCACCTCTCA TCATAATCTA TAGGACACTC CATAGAGATT 
451 GACGATTGTA TTTACCAAGG ATTCCACCTG TATGCGGCGT CCTTCAACTA 
501 ATTGTTCCTT GTTCGTTGCT ATTATTTGTG GCGAACAAGT TTTTTTCGAC 
551 ATGATGTTAT TCGGGTCCTT AGGCATCGCA GAAAATTCCA CATAACCCCG 
601 TTTACGGACA TACCTGGACC CTCCTGGACC TCTTTGGAAT CGAGAAGGAA 
651 AGGTATAAAA GGTGGAAAGA ACTTCAGAAT ATTCCTCACT CGAACAACCA 
701 ACACTAAATC 
Fig 2.5 Promoter sequence of hydrophobin 1. The general transcription factors 
binding motif including the TATA box (blue), CCAAT box (green) and the GC rich 
region (brown) are observed in the corresponding region. The T highlighted in red is 
the transcriptional start site predicted by the neural network, while the A in pink is the 
starting site of the 5' end c D N A sequence obtained. The red underline letters represent 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 2.3 Characteristics of sequences used in promoter analysis 
Number of sequences 49 
Shortest sequence (residues) 126 
Longest sequence (residues) 1320 
Average sequence length (residues) 624.7 
Total dataset size (residues) 30608 
Table 2.4 Characteristics of the primordium expressed putative promoter dataset 
Number of sequences 23 
Shortest sequence (residues) 126 
Longest sequence (residues) 1306 
Average sequence length (residues) 608.6 
Total dataset size (residues) 13998 
Table 2.5 Characteristics of the mycelium expressed putative promoter dataset 
Number of sequences 15 
Shortest sequence (residues) 222 
Longest sequence (residues) 1320 
Average sequence length (residues) 663.4 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 2.7 P-Match results from motifs identified from primordium specific promoters 
identified with MEME 
Motif Identification Location Strand Core-d-score Matrix score Sequence Factor name 
1 no significant homology I I I / / / 
2 F$MATALPHA2_01 9 W _ 1 0.97 ctccACGCGg MATalpha2 
3 no significant homology I I I / / / 
4 F$NIT2_01 10 (+) 1 r W C G t NIT2 
5 F$MATA1 一 01 5 (+) 1 — 0 . 9 9 1 TGATGtcgT"MATal 
6 no significant homology I I I / / / 
7 no significant homology I I I / / / 
8 no significant homology I I I / / / 
9 no significant homology I I I / / / 
10 no significant homology I I I / / / 
Table 2.8 P-Match results from motifs identified from mycelium specific promoters 
identified with MEME 
Motif Identification Location Strand Core-d-score Matrix score Sequence Factor name 
] F$NIT2_01 12 O _ _ 1 _! aCGATA NIT2 
2 F$MATALPHA2一01 16 « _ _ 1 0.989 taggACATTt MATalpha2 
3 no significant homology / / / / / / 
4 F$MATALPHA2一01 5 W _ _ ! 0.978 aCCTGTtcaa MATalpha2 
5 no significant homology / / / / / / 
6 no significant homology / / / / / / 
7 no significant homology / / / / / / 
8 no significant homology / / / / / / 
9 no significant homology / / / I / 丨_  
10 no significant homology / / / / / [/ 
5 7 
2.4 Discussion 
In organisms with limited genomic data, combinatorial approach using the 
expression profiling and promoter analysis would provide very useful information to 
elucidate gene regulatory network (Pilpel 2001; Venter and Botha, 2004). Those networks 
will be useful in annotating ESTs with unknown function, for genes having similar 
function are often regulated by similar mechanisms (Venter and Botha, 2004). Example 
included the study cell wall stress in Saccharomyces cerevisia by integrated analysis of 
transcription profiling and promoter analysis based on computational methods Regulatory 
element detection using correlation with expression (REDUCE) and Quontology 
(Bussemaker et al., 2001). 
The study here is to sequence 5' flanking regions of the ESTs of the differentially 
expressed genes during primordium formation, thus identify the promoter region by 
computation prediction, and also identify the putative TFBS that may regulate the 
expression of these genes. 
The success of genomic walking is the specific amplification of desired region from 
the gene specific primers designated (Zhang and Gurr 2000). Both methods used in this 
study could give the 5' flanking regions based on the EST sequences. ACP PGR was a 
faster approach in cloning promoters due to the ease of operation and the possibility of 
direct sequencing of the amplified product. One nested PGR more will certainly increase 
the specificity. However, panlindromic sequences sometimes appeared in the ACP-PCR 
reactions. Probably it is due to the shorter size of primers used and thus less effect of 
suppression PGR. Also PGR products could not be obtained in some of the ESTs. On the 
contrary, adapter mediated PCR (Zhang and Gurr 2000) was more effective in cloning 5' 
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flanking region with more chance of success in amplifying target product. Cloning was 
necessary in both cases for each reaction to obtain enough, pure fragments for 
sequencing. 
Other methodologies for DNA walking in promoter studies include inverse PCR and 
oligo-cassette PCR walking. Inverse PCR mainly relies on restriction enzymes, and the 
variation on the length of the restriction fragment containing the target gene limited its 
usage for large scale promoter sequencing. Oligo-cassette PCR walking still have the 
problem of smearing, also requires specially designated primers that may not be suitable 
for sequencing that direct sequencing after gel purification may not give good quality 
result. 
Promoters can be predicted using tools such as the Neural Network Algorithm 
(Reese, 2001)，the "Promoter 2.0" (Knudsen, 1999) and ProScan (Pretridge, 1995). The 
Neural Network (NNNP) used in this study was developed to annotate Drosophila 
genome. Cross validation was on 429 eukaryotic RNA Polymerase II promoters from the 
Eukaryotic Promoter Database (EPD, version 50) and 305 unrelated genes with less than 
50% pairwise sequence identity. The false positive rate is very low, less than 0.4% at a 
cut-off value of 0.8. Also the system is sensitive to identify eukaryotic promoters (Reese, 
2001). The sensitivity and accuracy of the promoter identification were further increased 
in this study since the position of the sequence input was defined at the 5' flanking region 
of the coding regions, without data contamination from coding sequences. 
After sequencing of the 5’ flanking region and promoter prediction, the genes were 
clustered according to their expression patterns, the putative co-regulated promoters were 
used for the identification of common transcriptional factor binding sites. Programs such 
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as Consensus (Qiu 2003), MEME (Bailey and Elkan，1994) and TRES (Katti et al., 2000) 
are often used for searching common transcriptional factor binding sites. In this study, 
MEME/MAST system was used as the major motif identification tool. MEME/MAST 
system is classified as an alignment based method and is the most commonly used 
method in motif identification in protein and nucleic acid sequences (Chua et al., 2004). 
Another algorithm used is the Weeder web system, which is a consensus based method. It 
is the most sensitive method to identify TFBS available at the time of study and good at 
finding short motifs (Pavesi et al., 2004). 
Known fungal TFBS in TRANS FA C 7.0 database is not comprehensive, containing 
only 101 fungal regulators and 230 corresponding binding sites and identified motifs 
from L. edodes.such as priB binding site were not included. Comparing with 8698 
binding sites in the TRANS FA C database, most of the binding sites are non-fungal. 
Therefore the identification of unknown motifs with the current database is not quite 
successful. 
However, primoridium specific motif 5 identified contained clear homology to the 
mating type factor binding site in yeast, which may suggest this motif may also interact 
with the mating type factor in Shiitake. A mating type factor is a transcription factor 
known to involve in hyphal knot generation in C. cinereus (Kues et al” 1998). Under the 
exposure of the hyphal knot to blue light, the primordium will form. Similar results were 
also obtained in N. crassa, that the A mating type factor also affect the expression of 
sexual development gene family (sdv). However, the binding of A mating type factor can 
either up-regulate or down-regulate the target genes, leading to the difficulties to 
determine the effect of the presence of binding sites (Coppin et al., 1997). 
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Besides, primoridium specific motif 4 contains NIT2 sites from Neurospora crassa, 
although NIT2 sites are short (TATCTM), but finding the binding site within motifs 
already over-represented indicate that still there is a considerable chance for real binding. 
NIT2 gene is transcription factor regulating nitrogen-catabolic enzymes under nitrogen 
starving stress. (Fu and Marzluf, 1990a; Fu and Marzluf, 1990b) It contains a zinc 
finger DNA binding domain and has been shown to regulate genes like nitrate reductase 
(NITS) by binding to -0.19，-1.1, and -1.2 kb upstream of its promoter sequence. Nitrogen 
metabolism has been shown to be important in fruiting bodies formation in higher fungi. 
Urea will accumulate within the fruiting body to maintain a low osmotic potential (Baars 
et al., 1996; Hammond, 1979). Such low osmotic potential will allow the uptake of water 
and metabolite into fruiting bodies, supporting the growth of fruiting bodies and 
sporulation (Donker and Van As, 1999). This model is also supported by low urease 
activity in A. bisporus fruiting bodies (Wagemaker et al., 2005). Therefore, the NIT2 
binding sites in the primordium up-regulated genes may be bind by NIT2 to stimulate the 
expression of those genes under nitrogen depletion and may have a role in the 
development of fruiting bodies in Shiitake. Besides, the expression of NIT2 is also a 
response to nitrogen starvation (Marzluf, 1997). Furthermore, NIT2 homologues has been 
identified in L edodes EST LedoSEQ11367 (Tsang et al. 2006，gene bank entry) with 
60% identical in amino acid sequences with the NIT2 in N. crassa. (Expected value: 
3e-12) The presence of NIT2 homologues further suggests the possibility of NIT2 
binding in L, edodes. The binding of the putative NIT2 sites to the NIT2 in L. edodes still 
need to be studied further. 
The novel motifs identified in this study are clear targets for further analysis. One of 
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the ways to validate the binding of these motifs to a TF is by EMSA using nuclear extract 
from L edodes. Also, the motifs can be transformed back to Ledodes or a related 
organism such as C. cine re us to test their action on the expression level of the reporter 
genes. Species more distant from L edodes may share some degree of conservation in 
transcription regulation. Example includes the testing of promoter activity of the 3'UTR 
and 3'NCR (non-coding region) of the PriB transcript by lacZ reporter in Saccharomyces 
cerevisiae (Yamazaki et al., 2002). 
In the long term, the motifs validated can be used to construct synthetic promoters 
for a better the fungal expression system. For example, herein promoter has been utilized 
for the production of chimeric protein and used its transcription activation domain to 
regulate the expression of target genes in fungi (US patent 6,500,636). The target gene 
introduced may improve the production of useful secondary metabolites, or produce 
useful enzymes like lignin peroxidase. The transcriptional regulatory element and signal 
peptide of Coriolus hirsutus phenoloxidase gene has also been used for the secretory 
production of various fungal enzymes, for the strong promoter present allows high level 
production. (US patent 6,075,138) In plant, the transcriptional factors were used for the 
increase of production of pharmaceutical useful compounds like alkaloids and flavenoids 
(Gantet and Memelink 2002). However, none of these system have been successfully 
introduced into Lentinula edodes. The promoter used in Lentinula edodes expression 
systems is the ras promoter, and the expression level is constitutive and low. Stronger, 
developmentally regulated promoter (up to 2% of the total protein) will improve the 
expression system, and allow strain improvement by introducing foreign genes. 
Molecular strain improvement of this economically important basidiomyces can benefit 
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food production, biodegradation, enzyme production (Chiu et al. 2000). 
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Chapter Three In-silico analysis of transcription factor 
binding sites and identification transcription factors expressed 
in L edodes 
3.1 introduction 
Coprinus cinereus is a common model organism used in studying fruiting bodies 
production in basidiomycetes (Kues, 2000). For it has a close phylogenetic distance with 
many economically important mushrooms such as Pleurotus and Agaricus, Also, the 
cultivation and fruiting procedure of C. cinereus is much easier than in most mushrooms 
(Kues and Liu, 2000). 
The putative TFBS identified in L edodes were compared of with the predicted 
TFBS homologue in Coprinus cinereus. The ESTs (expressed sequence tags) of the DEG 
were used to identify their corresponding homologue in C. cinereus. Among 64 L edodes 
genes of interest, 31 of them are of significant homology with the C. cinereus ESTs. To 
obtain the C. cinereus promoter sequences based on their ESTs homologues, all 31 C. 
cinereus ESTs are further blasted against the genome contigs on the Broad institute, 
fungal genome initiative. The 5' upstream region (3000bp) of the ESTs are extracted and 
predicted for promoters and transcription start site by neural network as described. 
1500bp upstream of the TSS are further extracted as the input sequences for TFBS 
analysis. The C. cinereus putative TFBS were then compared with the L. edodes TFBS, 
since the TFBS was reported to be more evolutionary conserved than the background 
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sequences. 
Besides identifying the TFBS in C. cinereus, identifying the mating type factor A 
was the primary target. Mating type is important in the breeding fungi since they control 
the compatibility of crossing. There are two mating type A and B，while the mating type 
factor A is a transcription factor containing homeo-domain. (Murakami and Takemaru 
1975). 
Previous attempts to identify MATa loci in Lentinula edodes include the 
construction of a genetic linkage map with linkage of the mating type, with RAPD 
markers (Kwan et al., 2002). Also Tanaka et al. (2004) designed 147 oligonucleotide 
primers to identify RAPD fragments linked to the mating type factors. Totally 4 markers 
were found to be linked to A mating type while 2 markers linked to the B factor. The RAPD 
markers were cloned and sequenced to convert them to sequence characterized amplified 
region (SCAR) markers. The OPH09-590 marker was found to be tightly linked to the A 
factor and OPP19-560 linked tightly to the B factor with 100% cosegregation. However, 
the sequences and exact loci of the mating type factors were not identified yet. 
In this study, we made use of the conserved gene mitochondrial intermediate 
peptidase (MIP) which is close to the mating type factor A physically in most 




Mating type factor A HD1 (fragment) (1b.p.-296b.p.) Mitochondrial intermediate peptidase (1333b.p.-3733b.p.) 
I PSU2837) 
BamHI(i433) I Psfl(2858) AvalisVd?) 
I — 丨 I II I 
5amHi(576) MIP MATa HD l locus 
Avcdim) 3981 bp 
Fig 3.1 The proximity of mating type factor A and the conserved gene mitochondrial 
intermediate peptidase in C, cinereus. 
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3.2 Materia丨 and methods 
3.2.1 Sequence manipulation and extraction of homologous ESTs from C. 
cinereus 
64 of the differentially expressed genes during fruiting body development were 
selected. The sequences of the DEGs were extracted from the in-house database. All of 
them were submitted to the blast basidiomycetes server. 
(http://genome.semo.edu/cgi-bin/blastall.pn The server contains the C. cinereus genome 
sequencing contigs from the Broad Institute and allows batch submission of data. The 
regions contains significant homology will be recorded with the corresponding reading 
frame. 
3.2.2 Extraction of 5’ flanking region of the corresponding ESTs and 
promoter prediction 
The 3000bp upstream of the EST homologues are extracted from the Broad 
institute Coprinus genome sequencing project 
(http://www.broad.mit.edu/cgi-bin/annotation/fungi/coprinus_cinereus/seq-regionxgi). 
The retrieved sequences were predicted for promoters and transcription start site by 
neural network as described. ISOObp. upstream of the TSS are further extracted as the 
input sequences for TFBS analysis by MEME algorithm. The results are further 
compared with the known motifs in the TRANSFAC database with P-Match. 
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3.2.3 Posit ional cloning of mating type factor A 
Five primers DM IF, DM2F, DMIR, DM2R and DM3R were designated according 
to the conserved regions of the mitochondrial intermediate peptidase sequences (Table 
3.2). The degeneracy of DM IF, DM2F, DMIR, DM2R and DM3R is 8, 12, 128，2048 
and 1024 fold respectively. 
The PCR was commenced using the standard PCR protocol described in chapter 2 
using the degenerated primers described. Except the concentration of the primers were 
increased to lOOj^ M to cope with the degeneracy of the primers. 
The genome walking procedures were described in chapter 2. The PCR products 
were purified, cloned into the TOPO cloning vector and sequenced as described. Also, the 
transformation efficiency was increased by electroporation into TOP 10 electrocompetent 
cell (Invitrogen) in place of heat shock procedure described. Briefly, 2)li1 ligation products 
from the TOPO cloning reactions were added to the TOP 10 electrocompetent cells and 
incubate for 1 minute on ice. The mixture was transferred into 1mm cuvette gap 
prechilled electrophoration cuvette (Biorad) and pulsed with 1.8kV, 25uF and 200Q. 
250)^ 1 room temp SOC was added immediately and incubate at 370C, Ihr with shaking at 
225rpm. The culture was plated out on LB supplement with 100}ig/ml kanamycin. 
The sequences were subjected to NCBI Blastx to identify the orientation of the sequences. 
Also, the sequences were used to design primer to further walk to the 3’ end of the 
mitochondrial intermediate peptidase to the direction of mating type factor A. 
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Table 3.1 Degenerate primers for cloning mitochondrial intermediate peptidase in 
Lentinula edodes 
DM1F C C A T Y C T M A T G G A R C A C T T C C T C A  
DM1R A C C T C Y Y K C T T G T A C Y K Y T C G C C C  
DM2 F T T C C A Y G A R A T G G G N C A Y G C N A T  
DM2 R R T A N C C R A A N A R R T G N C C R A A  
~DM3R T A R T A N G T S G C N C C R T A N C C 
Table 3.2 Primers used in the genome walking from MIP to MATa 
" H S K M A T L I A T T C A A C C C C G A C T C C A C A A C A T C C T T 
H S K M A T L 2 C T T G G C A C A G T C A C C G A A T C A T C A C A T  
H S K M A T L 3 A T T C C T A C C T T C T T G A C C G T G C C A T C G  
HSKMATL4 C G A C T A G G T G A A A G A T A C A A G G A T G A G  
M A T a L l C G A C A T T G G G T G G T A A A G A T T C  
M A T a L 2 G G A G C G G T C G T T G T G G G G T T A G  
M A T U l G C G A G G A G G A G A A A A A G C A G  
MATU2 T A C C A C C C A A T G T C G C T T C C  
MIPLL T G A G T A G C A A T G A T A G G G C G A A C A G A A  
MI PL2 T G A T A G G G C G A A C A G A A T A C C A G A A C G  
MIPL3 T T T C C T C A A C T C C C C G A T G G T C C T C T C  
M P B L I T G T C A A T G G C G T G G C A A G G G T C A A T G T  
MPBL2 G G A T G T T G T G G A G T C G G G G T T G A A T A A  
MPBUL G G G G T C A T T G A C C T T G C  
MPBU2 G A C G A C C G T T C T T C A G G 
6 9 
3.3 Results 
3.3.1 Sequence extraction and manipulation 
Among 64 genes of interest, 31 of them give out significant homology with the 
Coprinus ESTs, with E value lower than lOe"^ All 31 ESTs are blast against genome 
contigs and 3000b.p. upstream of the homologues regions were extracted from the 
database at Broad Institute. 
3.3.2 In-silico analysis of transcription factor binding sites in C. cinereus 
10 putative TFBS were identified using the MEME/MAST system. The 
characteristics of the input sequences and the alignments of the promoters generated 
from the MEME server were shown in table 3.4，table 3.5 and table 3.6 respectively. 
The results from the promoter analysis were compared with the known TFBS by 
searching the TRANS FA C 6.0 database for the matrixes by the P-MATCH algorithm. In 
Cmycl it shows significant homology with yeast mating type factor A binding site, also 
the homologies to yeast mating type A factor was found in many sequences submitted 
(Cmycl, Cmyc3, Cmyc6，Cmyc9 and Cpri4). Interestingly, some of the sequence 
alignments like in Cpri2 and Cpri3 are composed of C and T completely. A CT rich motif 
has been shown to appear in the priA promoter and is related to regulation of expression 
of priA gene, by the binding of the priA regulator itself (Yamazaki et al. 2000). 
Others motifs also contain significant homology with known fungal TFBS. Cpri3 
shows significant homology with the GCRl transcription factor, but the orientation of the 
sequence is not positive. NIT2 binding site and MCMl was found in Cpri4. Furthermore, 
7 0 
StuAp was also found in Cpri9. M Other motifs identified show no significant homology 
with other known fungal motifs in TRANSFAC 7.0 public (Table 3.7). 
3.3.3 Comparison of putative TFBS between L edodes and C. cinereus 
The putative TFBS identified in chapter 2 were compared with the motifs found 
from the orthologus promoters. The PSPMs (position specific probability matrix) was 
extracted manually, and were multiplied by 100 to convert PSPMs to PFMs (position 
frequencies matrix). Those PFMs were compared using the MatCompare algorithm 
(Kielbasa et al., 2005; Schones et al., 2005), available at 
http://rulai.cshl.edu/MatCompare, using the Fisher-Irwin exact test of similarity. 
It was observed that some of the motifs identified from L edodes are similar to those 
from C. cincereus (Table 3.8). Both primordium specific motifs and mycelium specific 
motifs shares some evolutionary conservation to their orthologus in C. cinereus. 
Interestingly, LpriS and Cpri3 were similar having CT/AG rich sequences. Others 
similarity in motifs in primordium specific dataset include the LprilO and CpriS, also 
Lmyc2 and Cmyc4. 
3.3.4 Identification of transcription factors in L. edodes by positional 
cloning 
In this study, a partial sequence of mitochondrial intermediate peptidase was 
determined. The genetic structure of the MIP sequence was highly conserved with other 
basidiomycetes (74% conserved with C. scobicola, 73% Schizophyllum commune). The 
7 1 
length of sequence obtained is 1745 b.p.. 707 b.p. of the sequence obtained was 
homologus to the MIP gene in C. scobicola. 
About llOOb.p. downstream of the MIP gene was cloned and sequenced. From the 
results of blastx, the sequence downstream of the MIP gene was identified as the UPAS 
homologue of Pleurotus djamor. 
7 2 
Orientation ^ ^  
Downstream of L..MIP ll l l l l l l l l l l l l l l l l l l 
^ ^ le.MIP (1-547) lllllllll Ze.UPAS? (1473-1736) 
Fig 3.2 Genetic structure of 1736 b.p. downstream of the mitochondrial intermediate 
peptidase. 
Table 3.3 Blastx results of the downstream sequence of 丄e.MIP 
ID source putative identity p-value % identity gi number 
LeMl? Coprinopsis mitochondrial intermediate le-76 74% 37730039 
scobicola peptidase  
Zg.UPA3 Pleurotus djamor hypothetical protein P D U P A ] 8e-19 50% 4 4 1 5 1 6 ^ 
Table 3.4 The characteristics of input data of mycelium specific orthologus promoters. 
number of sequences 1_0  
shortest sequence (residues) 1500 
longest sequence (residues) 1500 
average sequence length (residues) 1500.0 
total dataset size (residues) 15000 
Table 3.5 The characteristics of input data of primordium specific orthologus promoters. 
number of sequences 12 
shortest sequence (residues) 1500 
longest sequence (residues) 1500 
average sequence length (residues) 1500.0 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3.4 Discuss ion 
In this study, the C, cinereus promoter sequences of the EST homologues were 
analyzed. A considerable number of EST homologues could be identified in C.cinereus. 
This indicates that the phylogenetic distance between C. cinereus is close to L edodes. 
Besides, the size of promoter sequence being extracted was independent to the reach of 
genome walking. Therefore the small size problem will not exist in this study for 1500 
b.p. upstream of TSS was used for promoter analysis. 
To annotate the motifs identified in C, cinereus promoter sequences. The build-in 
comparison by the MEME program was used for comparing the PSSM of the putative 
motifs with the J A SPAR database. However, the entities of the JASPAR database 
containing only 123 profiles, are much less than those in the TRANS FA C database. 
Therefore, the results generated by comparing the putative TFBS against the JASPAR 
database are not satisfactory. P-Match algorithm was therefore employed to identify those 
motifs. 
Cpri2 and Cpri3 were shown to be CT rich. This motif has been shown to be related 
to regulation of expression of priA gene in L. edodes (Yamazaki et al. 2000). The motif 
cannot be identified by the P-Match algorithm since priA binding site was not present in 
8 5 
the TRANSFAC 7.0 database. 
Many of the motifs identified has shown significant homology with yeast mating 
type factor A and mating type factor alpha binding sites, including both MATal and 
MATa2. It may due to the degeneracy and short core sequence of MATa genes, leading to 
the difficulty in identifying the binding site with the sequence matrix. Higher cut-off 
value can be used but with the risk of masking other biologically interesting results. 
Besides the CT rich motif and the Mating type factor A, Cpri9 shows homology 
with the StuAp binding sites from Aspergillus nidulans. StuAp is generally a repressor 
but with mild activating capability in budding yeast. It regulates the ascosporogenesis and 
multicellular development during sexual reproduction (Dutton et al., 1997). Also, it is 
involved in the cell cycle progression, the disruption of StuAp expression will lead to the 
incorrect cell cycle gene expression (Dutton et al., 1997; Miller et al., 1991; Miller et al., 
1992). The target genes include the catalase peroxidase gene, which is activated by StuAp 
during sexual development and oxidation stress (Scherer et al” 2002). Large scale 
transcription profiling of StuAp mutant suggest that the transcription factor involved in 
the regulation of a cluster of putative secondary metabolite biosynthesis genes, genes 
encoding proteins implicated in the regulation of morphogenesis, and genes encoding 
allergens and other antigenic proteins (Sheppard et al., 2005). 
8 6 
Furthermore, both Cmyc 6 and Cpri4 contain the MCMlsite from Saccharomyces 
cerevisiae. MCMl regulates genes involved in cell cycle control, synthesis of cell wall or 
cell membrane, cellular metabolism, and an heat-shock-inducible secreted glycoprotein 
(Kuo and Grayhack, 1994) Also it DNA-binding properties are regulated by MATalphal 
and MATalpha2, and repress a specific gene together with MATalpha. Furthermore, 
MCMl protein can alter the binding site of MATalpha2, by set the spacing of orientation 
of the MATalpha heterodimer (Mead et al., 2002; Smith and Johnson, 1992). Interestingly, 
NIT2 site appears in Cmyc6. As discussed before in the chapter 2，the binding of NIT2 
can repress or activate the expression of a gene. Therefore the presence of the binding site 
can only demonstrate the relationship between nitrogen metabolism and fruiting, rather 
than predicting the up or down regulation of the gene involved. 
Apart from identifying conserved TFBS of L edodes and C. cinereus by P-Match 
identity, the PSPM of the motifs was compared. It was found that LpriS was similar to 
many of the putative TFBS identified in C. cinereus promoter homologues (Cpri2, 3, 7) 
Also, other similarity was observed in sequence LprilO and Cpri5，Lmyc4 and Cmyc2. A 
group of obvious similarity was the GA/CT biased sequences appeared in both Cpri and 
Lpri motifs. This suggested that the interaction GA/CT binding transcription factor and 
its binding site may be very much conserved. This hypothesis is also support by the effect 
8 7 
of GA/CT biased sequence of the GUS gene expression in yeast (Yamazaki et al., 2002). 
With the limited database resources, the evolution conservation of the sequence patterns 
will certainly provides more information and picks out biological interesting motifs. 
Transcriptional factors lie at the centre of gene regulation (Lemon et.al.，2000). 
However, traditional methods including DNA affinity chromatography, DNA binding 
assay and yeast one-hybrid to identify TFs with their binding sites are technically difficult 
and hindered the TFs identification at the genome wide level (Wei et.al.，2004). Recent 
advancement of the identification of transcriptional factors includes SEIDI-MS (Forde 
et.al., 2002)，EMSA-2D PAGE-MS/MS approach (Woo et.al.，2002) and the 
EMSA-screening GST library approach (Hazbun et.al., 2002). Alternative approach is 
pooling the yeast expression library with His tags in the expression cloning analysis and 
evaluates the binding affinity of each pool by EMSA to the motifs identified (Hazbun 
et.al., 2002). All of these approaches are expensive, technically difficult or require 
specialized equipment. Therefore, if the transcription factor to be found is physically 
linked to a gene for a short distance, positional cloning will be the most feasible method 
to do so. 
We have already identified different TFs homologues (LeJww-D (Leung et.al., 2000), 
CCR4-N0T complex (Hui et.al., 2005) etc.) in our studies of molecular fruiting of L 
8 8 
edodes. However, mating type genes in L edodes are not yet identified. The compatibility 
of mating between dikaryotic mycelium determines by two separate loci A and B. The 
mating type factor A is one of the most important transcription factors, regulating 
essential steps of sexual development in basidiomycetes. It encodes for a pair of 
homeodomain protein that transcribed independently (Kues et al., 1994). 
Mating type factor A was shown not to be located within 1.5kb. downstream of 
the mitochondrial intermediate peptidase, unlike observed in most basidiomycetes (James 
et al., 2004a). Instead, the sequence was found to be homologus to the PUPA3, a putative 
protein kinase with unknown function. UPAS was found to be lOkb. upstream of the MIP 
gene in Pleurotus djamor (James et al., 2004b). Genetic rearrangement may have occur in 
the A mating type loci in L. edodes. The recombination frequency of A mating type is 
depended on the temperature, and is in between 0.9 to 22.6% (Raper and Raper, 1966). 
and the recombination can rearrange the genes within the mating type loci, leading to the 
failure of identifying mating type factor A using positional cloning approach. Unlike L 
edodes, UPAS was found to be lOkb. upstream of the MIP gene in Pleurotus djamor. And 
for most species like C. cinereus, UPA3 is located either far downstream or upstream 
(>20kb) of the MIP gene (James et al., 2004b) 
This study will eventually aid the identification of important transcription factors in 
8 9 
fruiting process, thus help our understanding in this economically important mushroom. 
9 0 
Chapter Four Identification, expression profiling and promoter 
analysis of hydrophobin genes 
4.1 Introduction 
Hydrophobins are small, fungal specific, hydrophobic proteins containing distinctive 
eight cysteine residues. The residues form four loops with disulphide linkages. The sizes 
of the loops are used to classify the hydrophobins into class I and class II. The roles of 
hydrophobins are very diverse. They are involved in cell growth, water surface escaping, 
development and virulence (Wosten, 2001). Expression of hydrophobins is particularly 
interesting, for they are differentially expressed during development. Their strong, stage 
specific promoters are therefore useful information for the identification of 
developmentally important transcriptional factors in fungi. 
Our laboratory have previously isolated two developmentally regulated 
hydrophobins, hydl and hyd2, in L. edodes, their expression profiles suggest their roles in 
the fruiting body development (Ng 2000). In our collection of ESTs (expressed sequence 
tags), we further identified four novel hydrophobins, which are structurally distinct from 
hydl and hyd2. Expression profiling from real time RT PCR of the four new 
hydrophobins suggesting all of them are mycelial specific. hyd2 contains Le cdc5 binding 
sites, suggesting its potential role in fruiting bodies development. 
9 1 
4.2 Material and methods 
4.2.1 Clustering and grouping of the hydrophobin ESTs 
The ESTs that are homologous to hydrophobin were extracted from both the NCBI 
database and the in-house database. The retrieved ESTs were first clustered according to 
their virtual SAGE tags. The preliminary groupings were further confirmed by 
intra-group alignment. The sequences that have a low homology to the majority of the 
sequences in the same group are withdrawn from the group, and the chromatograms of 
the corresponding sequence were inspected to verify the sequence quality. The low 
quality sequences were also withdrawn from the grouping to prevent contamination. 
(Sequence Accession Number for the ESTs used in this studies 8338864, 58338860, 58338857, 58338848’ 58338833’ 58338822, 
58338821, 58338819, 58338817，58338816,58338811, 58338806，58338802,58338797, 58338791, 58338790’ 58338786，58338782, 
58338777，58338776，58338775，58338774,58338771’ 58338769,58338767,58338765,58338760,58338740,58338717,58338707, 
58338681，58338675，58338673，58338672,58338669，58338667,58338664,58338661,58338655，58338653,58338648,58338643, 
58338640, 58338637,58338634,58338628,58338626,58338622,58338611,58338586, 58338585，58338584，58338582, 58338580, 
58338574’ 58338572,58338567,58338565,58338551’ 58338537，58338535, 58338533, 58338508, 58338497, 58338470, 58338457, 
58338455, 58338452, 58338449,58338441，58338438，58338436,58338425,58338408,58338381,58338380，58338365,58338364, 
58338361，58338336, 58338334,58338330,58338326,52853230,52853211, 52853080,52853068,52852987,52852986, 52852787. 
52852736,52852694,52852646,52852630,52852628,52852609, 52852603) 
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4.2.2 Identification of the consensus sequences of the hydrophobin 
groups 
The consensus nucleic acid sequences of each group are extracted with Multialin 
(Corpet, 1988). To ensure each group of the ESTs represents a single allele, the consensus 
sequences were aligned with ClustalW. 
To obtain the amino acid consensus sequences, the hydrophobin ESTs were batch 
translated with the Java translator 
http://www.bioinformatics.vg/bioinformatics—tools/JVT.shtml with ORFs trimmed to 
MET-to-Stop of at least 100 amino acids over DNA sequence. The correct ORFs were 
identified by the even spaced cysteine residues. Then the predicted amino acid sequences 
were aligned with Multialin as described. 
4.2.3 RNA Sources and Preparation 
Mortar, pestle and spatula were baked at 250°C overnight, and stored at -20°C 
before use. Mycelium, primordium and fruiting bodies from L54 were cultured as 
described in chapter 2. 
Total RNA was extracted with TRI REAGENT® (Molecular Research Center, Inc.) 
The samples were homogenized by frozen mortar and pestle in liquid nitrogen. About 
O.lg of the powder was transferred into eppendorf followed by the addition of 1 ml TRI 
® 
REAGENT . The mixture was vortexed gently for 5-15 min. Excess primordium were 
9 3 
frozen immediately in liquid nitrogen after collecting and stored at -70°C. 
0.2ml chloroform were added into the homogenate, vortexed vigorously for 15s and 
stored at room temperature for 10 minutes, the resulting mixture was centrifuged at 
12,000 g for 15 min at 4°C. The aqueous phase was transferred to a fresh tube, 0.25 ml of 
isopropanol and 0.25 ml 0.8 M sodium citrate and 1.2 M sodium chloride was added to 
the solution. The solution was mixed by vortexing, and store at room temperature for 5 
minutes. After centrifuged at 12,000 g for 15 minutes at 4°C, the supernatant was drawn 
out and discarded. The pellet was washed once with 1 ml of 75% ethanol and dried at 
room temperature. 20 \x\ of DEPC treated water was added to elute the RNA and stored at 
-70°C. The quality and quantity of the RNA was determined by denaturing gel 
electrophoresis and spectrophotometry. 
DNase I Treatment 
RNase free DNase I (Gibco BRL) was added to to digest contaminating DNA. 2}xg 
of RNA prepared was mixed with 2 }il of lOX DNase I Reaction Buffer (200 mM 
Tris-HCl (pH 8.4)，20 mM MgCb, and 500 mM KCl), 2U DNase I and DEPC-treated 
water to a 20 \i\ volume. The mixture was incubated at 25°C for 15 min. The reaction was 
stopped by adding 2 i^l of 25 mM EDTA and incubation at 65°C for 10 min. 
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4.2.4 Express ion profiling of hydrophobin genes by RT-PCR 
Primers for Real time RT-PCR were designated using the Primer Express software 
(Perkin-Elmer Applied Biosystems). RNA samples extracted and pretreated with 
RNase-free DNase I (Gibco BRL) was reverse transcribed with TaqMan reverse 
transcription Reagents (Perkin-Elmer Applied Biosystems). The first strand cDNA was 
amplified using SYBR Green PGR Core Reagents (Perkin-Elmer Applied Biosystems). 
and the thermal cycling was preformed by ABI PRISM 7700 Sequence Detector. 
4.2.5 Promoter cloning and analysis of hydrophobin genes 
The promoter regions of stage specific hydrophobin genes were isolated by DNA walking 
speedup kit (Seegene) and Universal genome walker (Clontech) as described in chapter 2. 
The amplicons were cloned either by TOPO cloning for sequencing kit (Invitrogen) or 
pCRscript-Arnp cloning kit (Strategene). Gene specific primers were designated using the 
EST data in the NCBI database. 
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Table 4.1. Primer used in the Real time RT-PCR reaction 
Gene name RT primer 1 RT primer 2 
Hydl GAATGGAGCGGTGGAGGAA GGTCTCCAGTGCTGCATTGAC 
Hyd2 TTGGATGTCTTCCCGTCACTC CATCCGTCGACTGATCAAAGC 
Hyd3 CGCAGGCATTGCGGACT TGCTACCCAAACCGATGACAG 
Hyd4 CAGCCAATGGAAATCAAGCT GGTGTAGGATGCAGTCCTATCA 
Hyd5 AAGCGCCAATGACAGTGA CGAGCCCGCCAGTAGTTG 
Hyd6 CCACCAAAGCTAATGTCTTCAC GGACTTACTTGCAGCCCTATCA 
96 
4.3 Results 
4.3.1 Isolation and characterization of four newly found hydrophobin 
genes 
In this study, four new hydrophobin alleles were identified. All of them are similar to 
hydrophobin 2 in both nucleic acid sequence and amino acid sequence (Fig. 4.1). The 
newly found hydrophobins in Lentinula edodes also contain eight cysteine residues and 
belong to Class II hydrophobins. The number of ESTs identified to be hyd3, hyd4, hyd5 
and hyd6 are 18，5, 37 and 9 respectively. Consensus nucleic acid sequences were created 
accordingly using the ESTs, and the quality of the ESTs used were confirmed with the 
sequence chromatograms. 
Most of the ESTs extracted contain an open reading frame with each base sequenced 
many times. By aligning those ESTs with reasonable length, the consensus of the 
hydrophobin amino acid sequences were determined. The deduced amino acid sequences 
oihyd3(\01), hyd4{\\2), hyd5{\\2) and hyd6{\\2) are around 107aa. to 112 aa in length. 
And the predicted MW is from 10.4 kDa to 10.6 kDa. The deduced amino acid sequences 
were clustered and analysed by ClustalW (Higgins et al., 1996). 
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； i i x x x x i x i x x x l ^ e i i i p S H l : ; 
H yd 3 1 C GG CC GG GG AC TC GA AC CTHC TAHaHt T G tEBaHg tT^A T HC WSIt C PPItHa aCTB ！ICAC C A 
H y d 4 1 
Hyd5 40 E E t B t c H c A^^JdbUgtJST ^ Mfclgfcj C fcpl T ETO T feliiM T 
h y d 6 4 0 a h t h c p v b i ^ t syjuefs j a t o •fsfrfjisff c ' ' s c t c cws a “ s efsb efs b s t h 
H yd 2 4 0 jTbHcB CC AG CC -Py^G TT Ti! T WKtef* ？feffl T " ' J T T M i T “ S AT?! etS TCTt 
H yd 3 61 ^ E ^ I S H a t CT C G S grarretS fJtkA 
H yd 4 1 C TC c Q c A gEBg C G a A GQG G T- AC T a C a G T A Qa C G 
H y d 5 9 2 g iamagic MHC A^C HhleMVIC PPIcF^T 阳TngClAGCl?fi 
H y d 6 9 2 t ^ ^ T * Jiia； ^ a Z £ S S ! S A* go AS ^ g AAHT S E ^ G^Afclglgfc “ tRCTIS 
H y d 2 9 8 e ^ y T * ii|ii£e|« ^ ^ ^ c • |» N A g HFJeP T J T t Tg^^TBf^BSPGBHt eHW? * AGTTfS 
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H y d 4 8 1 G G AQXyT G. T |u|5| A Q; T G C T GC A0TT CT GT CGQ|G ACQG C0G0TG0C AGTG tSatQgQgQt AA T 
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H y d 4 14 0 CC TC g H a H t G H T A G B a A T E g T G H t H AMeffcjc G TG C t H g cT^gI^TG T A G CSAlf^ G C A 
H yd 5 2 6 9 AGCH PIg ^ C f ^ H t J ^ i g f T gglc G CTItHPg [et>f:fef>f:fc|)iIiifef«i.I4iJ[gt>lGf5i:TefeT»lGfelii|*li<fHr4iJft 
H y d 6 2 6 9 B Q ® ‘ S f T C ^ Sf tT [ I S ^ G * ^ G BHtWC G I e J T O T ‘ A \ ； ^ ” gCT SHeCTT 
H y d 2 2 7 5 ^ J T • a E E g ^ J T ^ T £ ^ C ^ G A AABT GBTG@Cfe ‘ " G • ； ？I? * Sgf! SfTefSCTe 
H yd 3 2 8 5 nSCTfl ^ B H t t B E E J ^ a S c £ 图T TG G G H A J f A C T j i C T J c t c H T B • AHSBCTTWefSffe 
H y d 4 196 G TC C TA TC AC TG tCJaT CGH t GCHncHflc CA QC TC tC^GC TC TGCT C T GTATQTTGT 
H yd 5 3 2 8 WPflcH T F ^ CCFJt Ht^i Jefef:f4i MMt i C C Pf*! i j Jfej J G ti I T hf4i 1*11*1 似:1A 
H yd 6 3 2 8 UdLJG t e TC ^ Sg ^ wTtTfi T ？WcF « « T C e e C •lelJOiA JJJJe t M I * T 衆？ G 
Hyd2 3 3 4 C AC T £ t TAFTg ^ J J f . T ；IXiji " " T T ' ' A J«liJ*llJJ«Me TWiCTS T ^ ? G 
H yd 3 3 4 4 RTI^aH W S f y n T l C A gHaM J CTlSy^TX « SIT T e adilelc t J i l J J J j A T I j g n A 
H y d 4 2 5 5 G AGQ A T A^^C A GC AGC a H c T T G A T CWcWA T H g WC T G T A TC c H t A tCIaC TG t H t G AGC 
H yd 5 3 8 7 BEBQjG gC^T cHcBTHAiagl£l>MC A[*l:liM*f:lGte!cr:MKH hT>liX»I«<T Ht - G C AnGHTPHc 
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H yd 2 3 9 3 Q S S S j ' G JSc C ” J 3C C - S E E ^ JcEEE^B Hg cWI-E C E gTQp 
H yd 3 4 0 0 明 TgA T CHGtf GraGC TC GT e tlAClAC T T yfef4:lA A [J:! «lc A T Bc TCTiflTMpC Q t ^ T ^ 
H y d 4 3 11 t E H t - - T A Q A T C A T A T TT0T|3c AT TCQATT GAQC A 0T g H J a TQC T G A 0 c 3 J C 
h y d 5 4 4 1 c t crji^^jnHA X t a H - '^EEB^ O^^CT 'U '^^B RHgPIqgHc gPI(3aHg^P |t 肉 t a H 
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H yd 2 4 3 9 C - - ^ GGralcGGGGA FIa G AjAySfgCjSlAFetacCT e TQgC TTFI? A T W A r a W a A C H 
H yd 3 455 A - -Ba cF^AJ^C GH TC CT TTr«|f>MAR T^CWaPTIAT 化 TItG GATGBA TGB 
H y d 4 3 6 1 G TC TT T TC TTBB0G TC TG THT g Q S c T0(SC T t H ^ t H c E j I G T C GiT T HaEJt TC AGEIJaC CAC 
H y d 5 4 9 0 J^- - JEC CA"'<S flX G E B Q H J t c H t B t - - EBAGlcWp^yjA^CgJ^AfygGgc - T T  
H y d 6 5 0 3 & T T GQQG a! g H t J G ^ C g B a B t GAE aGAraiTgjAT G I eWJcAMCl^G AT CGAAQT AT TT T 
H yd 2 4 8 6 G^AT 6 XiGA gB A ggjAT GA AC - T TcF*fc|cBA;T T ^ X t o t C t H t AC GA AA AT GT TT C 
H y d 3 5 0 2 A.TA tE|GT C C M A A H T M J T G H c H a - - Clt^ C TB a A ^ T g W H a H t G GrA  
H y d 4 4 2 0 - - G TAQ t t H a QT A A A T C T T g j T - - C G T TaCTO?IgMGAC G C C^H^aI^aRIg TA AT  
H yd 5 
H yd 6 5 6 2 G TG GA TT GA AGAAA 
H yd 2 5 4 3 TAT  
H yd 3 
H yd 4 
Fig 4.1 Alignment of nucleic acid sequences of hydrophobin 2 to 6 by ClustalW. Note 
that there are quite significant variations between nucleic acid sequences of the 
hydrophobin consensus sequences. 
98 
HYD2:0.21492 I hyd3:0.23492 
‘ _4: 0.41239 
R HYDS: 0.14832 
AI3793 
Fig 4.2 ClustalW phylogram tree using DNA sequences showing the relationships of the 
4 new hydrophobin genes identified and hyd2. 
H yd 3 1 EBOgF L烈AF^t^THg  H yd 4 1 MKFTTVLA 妒FV Ea'aS VS AT P F RE TNGE RMARGL P P LP] Q IqaS G T P V Y A A KR T G|?S ^ P H y d 5 1 QP rogAQpgng QQQnf  Hyd 6 1 gP gaTAalaaj FTFCT TITinB - ^^H-H yd 2 1 If^^iin QQQBCaIZIgS QBE-
I II I I H yd 3 2 4 D T M^ ileiP vM«l«i^ lsnQ 3 F?HnA G I j^G LPt4l|Jfc*4'JLplD L>i»Vi5*l«|JlD ？*!.-! AJ S PllelL gHs 3 BTl^  H y d 4 61 GQHtCWp V tlSBrisBjGT 厂D S V I GLtCTt WWt LGDG V A SHS 3 [STij H yd 5 3 0 - -Pgffilp V M^Id sTt^ S 3AAA\Htg ^ lCTd L nPTOT TOSH A 3 G 3 3 BCTI H yd 6 3 0 • _ I >HhD S^S ^ES P VAI Lt^  gjg T lMd Hn L N^He ^J^simiAls A 3 G 3 3 ^ ^ H y d 2 3 0 - - C—ilfl—tv^ A^'^ a^ P S Ap^T 
U I H y d 3 8 3 Q W/>I«1e fSlTBs 3 - HP^Jft^eitHniPOT H yd 4 119 p ？^Me ！TBa 3 - FW H yd 5 8 7 R FTOSTId ITBh feleCTgfgglvttOT^  H yd 6 8 7 B ^ TBHe iTBhfegCTgfTgCTCTlsn Hyd2 8 7 F^TOaTCTTBNrel^O Wef—n JW^ 
Fig 4.3 Alignment of amino acid sequences of hydrophobin 2 to 6 by ClustalW. Note that 
there are quite significant variations between amino acid sequences of the hydrophobin 
consensus sequences. The eight cysteine residues are highlighted by arrows 






Fig 4.4 ClustalW phylogram tree using amino acids sequences showing the relationships 
of all six hydrophobin genes identified in L edodes. 
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4.3.2 Express ion levels of hydrophobins 
All of the newly found hydrophobins were expressed at higher levels in mycelium 
(Fig 4.5). The expression of hydl was low at the mycelial stage while the expression of 
the remaining hydrophobins decreased during the fruiting body development. Hydl 
expression was shown to be extremely decreased from mycelial to primordial stage (Ng 
et. al. 1999). However, in this study, hyd2 expression was decreased for only 5 folds. The 
reason for the discrepancies may be that real time RT-PCR can detect more time points 
than RT PCR used in previous study, and therefore will have a better resolution for 
quantitation. 
Among the hydrophobins, hyd5 has the most drastic changes in the expression level 
during the development of the fruiting bodies. Comparing with mycelial stage, the 
expression level of hyd5 decreases for at least 3000-fold upon fruiting body development, 
Also，unlike other mycelial specific hydrophobins, hyd5 expression was almost 
undetectable early in the primordial stage. Therefore, it should be a good molecular 
marker to define the mycelial stage in the life cycle. 
hydl was found to be the only known hydrophobin up-regulated in the fruiting body 
development (Ng et. al. 1999). The transcription level of hydl was highly increased in the 
primordial stage, and then gradually decreases in the young fruiting bodies and mature 
fruiting bodies, hydl transcripts decreased throughout the fruiting body development. 
The shift from vegetative mycelium to primordium was accompanied by greater 
changes in the types and expression levels of hydrophobins than the development of 
fruiting bodies after primordial were formed. Also, there is not much difference in the 
hydrophobins expression levels from the development of young fruiting bodies to mature 
1 0 0 
fruiting bodies. However, a gradual decrease in expression level of mycelial specific 
hydrophobin was observed. 
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Expression profile of hydropOObin 4 
Expression profile of hydrophobin 5 
E;ilpreasion profile of hy~in 6 
Fig 4.5 Expression profiles of hydrophobin genes at different developmental stages. Myc: 
Mycelium; Pri: primordium; YFB: Young fruiting body; MFB: Mature fruiting body. 
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4.3.3 Promoter sequenc ing of the hydrophobins 
About 500 b.p. of the promoter regions of hydl and hyd2 were cloned and 
sequenced to investigate the gene regulation of the stage specific expression pattern. The 
transcriptional start sites were defined by Neural network prediction, with cutoff>=0.8. 
We have identified putative pr/B binding site on hydl promoter and putative Le cdc5 
binding site on hyd2 promoter respectively (Table 1). 
4.4 D iscuss ion 
Hydrophobins are small, secreted, moderately hydrophobic, and glycosylated 
proteins. They are demonstrated to play an important role in fruiting bodies formation 
(Yamada et al., 2006). Since it is a surface protein and can reduce water surface tension 
(Wosten, 2001), it can create a gas channel within fruiting bodies by forming a 
hydrophobic membrane (van Wetter et al” 2000). Besides, hydrophobins has been shown 
to reduce water surface tension, thus assisting the escape of the fruiting bodies from the 
water surface (Wessel et.al., 1994). 
All of the newly found hydrophobins have the general properties of 
hydrophobin family in their deduced amino acid sequences (Wessels，1997). They contain 
eight cysteine residues with fixed spacings. The arrangement of the cysteine residues 
(C-X5-7C-C-X19-39-C-X8-23-C-X5-C-C-X6-18-C-X2-13) also show that these 
hydrophobins belongs to be Class I hydrophobins (Wessels, 1994) Class I hydrophobin 
have been demonstrated by the 3D structure to have the ability to form an amphipathic 
polymer (Kwan et al., 2006)，and therefore decreased the wettability of the surface on 
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which they are formed. 
We have successfully identified four new hydrophobin genes in Lentinula edodes. 
All of their expressions are repressed during the primordial development. 
In a previous study, a number of ESTs were identified with similar amino acid 
sequences but with significantly different nucleic acid sequences. Hence during 
annotating hydrophobin sequences with Blastx or tBlastx, all hydS, hyd4, hyd5, and hyd6 
were all shown to be similar to hydrophobin 2 (Ng et.al. 1999). During the SAGE 
analysis of L. edodes (Chum 2000), we discovered a considerable number of 
hydrophobin ESTs with different SAGE tags, and they have different nucleic acid 
sequences (Fig. 4.2). Using ClustalW to cluster the newly found hydrophobin ESTs 
groups with hydl and hyd2, we suggested that these ESTs represent new groups of 
hydrophobins. 
We have three reasons to believe that the each EST cluster we found represent an 
individual allele. First, there are at least four ESTs representing each of the hydrophobin 
groups, and the qualities of the sequence were verified by inspecting the chromatograms. 
Besides, all hydrophobin groups contain different SAGE tags and are present in the 
SAGE studies. Also, the amino acid and nucleic acid sequences of each hydrophobin are 
distinct among the groups. 
The four hydrophobins are abundantly expressed in mycelium and have similar 
expression profiles as hydl. Their expression reduced upon fruiting body development 
(Fig. 4.5) and their amino acid sequences are similar to hydl (Fig. 4.2). Therefore we 
believe that the similarity of expression pattern and sequence of hydrophobins may 
suggest that they have similar functions in L. edodes. Also, there is a possibility that hyd2 
have multiple copies in chromosome but with slightly different sequences. 
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The promoter sequences of hydl and hyd2 identified were cloned and sequenced. 
The transcriptional start sites of the promoter are predicted by neural network (Reese, 
2001), the common transcriptional factor binding sites like the TATA box, CAAT box and 
the GC rich region could be clearly identified. Besides those transcriptional factors 
binding sites, regulatory motifs were also identified, Hyd2 promoter contains a putative 
cdc5 motif with only one base pair mismatch, indicating that hyd2 may be regulated by 
the transcriptional factor LecdcS. 
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Table 4.2 Motifs found in the hydrophobin promoters and their relative position to the 
transcription start site. 
Promoter Motif found Sequence (Miyazaki et al., 2004a; Miyazaki et al., 2004b) Start End 
Hydrophobin 1 PriB GCAGGGGAA TTTA ATC -404 -420 
Hydrophobin 2 cdc5 GGAATGT -155 -162 
M 1 2 3 4 
• 
• 
Fig. 4.6 Genome walking of hydrophobin 2 promoter. Lane 1: lOOb.p. molecular markers 
(Seegenes) Lane 2: DWACPl with hyd2Ly, Lane 3: DWACP2 with hyd2U\ Lane 4: 
DWACP3 with hyd2L3\ Lane 5: DWACP4 with hyd2L2>. 
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Fig 4.7 Cladogram showing the distances of hydl to hyd6 with other fungal 
h y d r o p h o b i n s . Accession numbers: (AF081493 Agrocybe aegerita (Aa-Pri2p; Santos and Labare、re 1999), X92861 
Agaricus bisporus (ABHl; Lugones et al. 1996), X92860 A. bisporus (ABH2; Lugones et al. 1996), Y14602 A. bisporus 
(ABH3; Lugones et al. 1998), Y10627 Coprinus cinereus (CoHl; A' sgeirsdo' ttir et al. 1997), Y10628 C. cinereus 
(CoH2;A 'sgeirsdo' ttir et al. 1997), AB026720 Flammulina velutipes (FVHl;Ando et al. 2001), AF217807 Lentinula 
edodes {hQ.hydl\ Ng et al.2000), AF217808 L edodes {LQ.hyd2\ Ng et al. 2000), AJ225060 Pleurotus ostreatus (POHI; A' 
sgeirsdo' ttir et al. 1998), AJ225061 P. ostreatus (P0H2; A' sgeirsdo' ttir et al. 1998), Y16881 P. ostreatus (P0H3; A' 
sgeirsdo' ttir et al. 1998)，P04158 Schizophyllum commune (SCI; Schuren and Wessels 1990), M32329 S. commune (SC3; 
deVocht et al. 1998)，M32330 S. commune (SC4; Schuren and Wessels 1990), AJ007504 S. commune (SC6; Wessels et al. 
1995) 
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Apart from their structural role, the expression levels of hydrophobins changes 
dramatically at different developmental stages in many other fungal systems, such as 
in Flammulina velutipes (Yamada et al., 2005), Fusarium verticillioides (Fuchs et al., 
2004) and Pleurotus ostreatus (Penas et al., 2004). Hydrophobins SCI, SC4, and SC6 
has also been shown to express at high levels during fruiting (Wessel et.al., 1994) It 
indicates that the stage specific promoters of hydrophobins can be a useful, general 
tool for expressing heterogeneous proteins in fungi at a particular developmental stage. 
Expressions of hydrophobin genes can be controlled by mating type genes. SC3 is 
suppressed in both MATA= MATB^ and MATA^^ MATB^ heterokaryons, thus it is 
controlled by B mating type gene. SCI, SC4, and SC6 only express in MATA?^^ 
MATB关 or MATA''" MATB'�" strains (Asgeirsdottir et al., 1995; Wessels, 1997; 
Wessels et al., 1994). 
The success of expressing heterologus genes largely determines by the strength 
and nature of promoter used. However, not many promoters are cloned and 
characterized in Lentinula edodes. Examples include mfbA (Kondoh and Shishido, 
1995)，PriB (Miyazaki et a l , 2004b), Ras (Yu and Lin, gene bank entities) and GPD 
(Sato et al., 1998). Hydrophobin promoters are the strongest promoters known in 
Lentinula edodes. The native hydrophobin 1 mRNA constitute 2% of total transcripts 
in the primordium stage (Chum, 2000). The promoters found in this study will be a 
useful tool in expressing protein in different developmental stages in basidiomycetes. 
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Table 4.3 Pairwise similarity (%) of nucleic acid (upper diagonal) and amino acid 
sequences (lower diagonal, italics) of hydrophobin 2 to 6. 
Gene hyd2 hydS hyd4 hyd5 hyd6 
hyd2 g ^ M 5 1 — 30 59 ~ T l ~ 
hydS ^ t T i I ^ ^ J 35 一 45 一 54 
hyd4 • 52 37 “ 33 
IMl 77 Z Z ： I 7 
hyd6 73 77 | J：? 86 j ^ Q l 
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Chapter Five Transformation of L. edodes 
5.1 Introduction 
Genetic transformation is essential in studying gene functions 
(Fincham, 1989). With such system well developed, recombinant DNA constructs 
can be transformed into the host, thus overexpressing or knocking out native genes, 
or expressing heterologus genes. Gene fusions can also be produced using such 
system. 
However, available system for transformation in L. edodes is still 
inefficient. The highest transformation efficiency reported in L edodes is about 
15-18 transfonnants/2.5|ig DNA (Irie et al. 2003). Cbx^ encoding the mutated iron 
sulphur protein subunit has been utilized in place of the hygromycin resistance 
gene. The cells containing Cbx^ confers the carboxin resistance, a systemic 
fungicide (Irie et a l , 2003). However, the transformation efficiency is slightly 
lower than using hygromycin, for about 1.5-transformants/2.5|ag vector when using 
REMI. 
Recently, there is a great improvement in transforming L edodes. By 
troubleshooting the fundamental problems like intracellular nuclease, protoplast 
aggregation and charge of foreign DNA, the transformation efficiency of L edodes 
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has improved to 80 to 180 integrative and stable-resistant colonies per mg DNA and 
10^ protoplasts. Green fluorescent protein was used as the reporter gene. However, 
still there is no stable expression of GFP reported. The transformants failed to express 
GFP after 30 hours, suggesting that the heterologus gene was silenced (Li et al. 2006). 
In this study, different transformation methodologies have been tested. 
Traditional PEG transformation, electroporation and particle bombardment were used 
to transform pLC2bar or p301.bg (Sun et a l , 2001) into L edodes. Preparation of 
protoplasts was also optimized to obtain maximum yield of protoplasts for genetic 
transformation experiments. Commonly used methods like Polyethylene glycol 
(PEG)-mediated transformation, restriction enzyme mediated integration (REMI), 
electroporation were tested to transform those plasmid vectors into the cells. Biolistics 
approach has also been used. 
Different regenerates conferring bialaphos resistance have been 
isolated and analysed. The putative transformants were screened by PCR. Also, 
GFP expression of p301.bg transformants has been monitored by confocal 
microscopy. 
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5.2 Materials and methods 
5.2.1 Vectors and primers design 
Plasmid p301-bgl has been obtained from Peking University for transformation 
experiment in L edodes (Fig. 5.1). PIL promoter, l.Okb upstream of the 
glyceraldehydes-3-phosphate dehydrogenase (GPD) (Enei et. Al. 1999)，expresses bar 
gene constitutively under all growth stages and confers bialaphos resistance for 
selection. P1.4L，1.4kb upstream the GPD gene was used to express the green 
fluorescent gene (GFP) in place the GUS gene in p301.bGl. Kanamycin resistance 
gene was also included for selection in E. coli. 
pLC2-bar (Fig 5.2) is kindly provided by Professor Kazuo Shishido and the GFP 
construct is kindly provided by Professor LW Jiang. The plasmids were transformed 
in Escherichia coli to obtain large amount of DNA by Maxiprep. 
5.2.2 Maxi-preparation of plasmids 
Single colony of transformed bacteria was inoculated into 500 ml of LB Broth 
containing 50|ig/ml kanamycin in 1-liter flasks. The culture was incubated overnight 
hours at 37°C with shaking at 250g. The culture was harvested by centrifiigation at 
4100 rpm for 15 minutes at 4°C in 500-ml centrifuge bottle. The supernatant was 
discarded. The bacterial pellet was resuspended in 18ml ice-cold buffer 1 (50mM 
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glucose, 25mM Tris-HCl pH8.0, lOmM EDTA). 2ml of freshly prepared lywallzyme 
(lOmg/ml), 40ml of buffer 2 (0.2N NaOH, 1% w/v SDS) was added to the suspension 
followed by mixing gently by inverting the bottle. The mixture was incubated at room 
temperature for 10 minutes. 20ml of buffer 3 (3M potassium acetate, 11.5% w/v acetic 
acid) was added to the mixture and incubate on ice for 10 minutes. The suspension 
was centrifaged at lOOOOg for 30 minutes. 
The viscous supernatant was transferred to fresh 50ml falcons. 0.6 volume of 
isopropanol was added to the tube and incubated at room temperature for 10 minutes, 
after mixing the contents well. The precipitated nucleic acid was recovered by 
centrifugation at 10，000g for 15 minutes at room temperature. Residue supernatant 
was removed by inverting the opened tube on a paper towel. The pellets and the walls 
of the tubes were washed with 70% ethanol. The nucleic acid pellet was dissolved in 5 
ml ofTE (pH 8.0). 
5 ml of an ice-cold solution of 5 M LiCl was added to the crude plasmid, mixed 
well, and centrifuged at 10，000g for 10 minutes at 4°C. The supernatant was 
transferred to a new falcon and equal volume of isopropanol was added to precipitate 
the nucleic acid again as described. The pellet was eluted in 1ml of TE (pH 8.0) with 
20 |ig/ml RNase A. The solution was incubated at 3TC for 30 minutes to digest the 
RNA contaminate. 
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Equal volume of phenol:chloroform was added to the solution, vortex and 
centrifuged for 2 minutes at 4°C. The organic layer was discarded by transferring the 
aqueous layer to a new tube. The extraction was repeated to remove most of the 
protein contaminates. Equal volume of chloroform was added to the aqueous layer to 
remove phenol. 
The purified plasmid solution was precipitated by isopropanol as described and 
eluted with 1ml ultrapure water. 0.5ml PEG-MgCl solution was added and incubated 
for 10 minutes. The precipitate was recovered by centrifugation at 14,000 rpm for 20 
minutes and washed with 70% ethanol. The damp pellet was eluted with 500|^1 of TE 
(pH 8.0). The quality and quantity of plasmid DNA was determined by measuring 
OD260 and OD280. 
5.2.3 Cultural condition and optimization of protoplasts release 
The L54 mycelium cultured 7 days on the PDA agar was blended into PDB 
(Potato dextrose broth, Difco) medium by blender (Waring) and cultured for 7 days 
with constant shaking. Glassbeads were added to the culture to prevent mycelium 
from aggregation. The mycelium was blended once again to obtain fine hyphal tubes, 
and cultured for extra 5 days without shaking. To collect the mycelium, the culture 
was passing through 0.22 micron filter (Milipore). The mycelium was washed twice 
with MS buffer (0.6M mannitol, 50mM succinate, pH5.6) and weighted. 10ml of 
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1.5% lywallzyme (Guangdong Institute of Microbiology) in MS buffer was added to 
the mycelium pellet to digest cell wall for four hours at 32°C with shaking at 50 rpm. 
lO^il of the digest was taken out after 2 hours to assess the digestion progress. The 
protoplasts released were filtered through a sterile cotton column to remove the 
hyphal debris and collected by centrifugation, then washed twice with STC buffer 
(1.2M sorbitol, lOmM Tris-HCl and lOmM CaCli, pH7.5). The number of protoplasts 
released was determined by microscopy with hemecytometer. The maximum dose for 
bialaphos in PDA and NFM (Nitrogen free medium) (IX YNB, 0.6M sucrose, 0.5% 
proline) was tested by subculturing the mycelium onto the plates with 10|ig/ml, 
20|ig/ml, 30|ig/ml and 40jj,g/ml bialaphos. 
5.2.4 PEG mediated transformation 
The collected protoplast will be diluted to about SOOjal with STC buffer, the 
concentration of protoplasts was adjusted to about 1x10^ /ml in the transformation 
experiments described. 
PEG treatment of Lentinula edodes was done using the protocol reported with 
highest efficiency (Sato et.al.，1998). 100…protoplast in STC (1x10^ /ml) prepared 
was mixed with 62.5jil PEG solution (60% PEG4000, lOmM Tris-HCl and lOmM 
CaCl2, pH7.5), 150^1 STC buffer with lO i^g plasmid. 50units of Sail was then added 
to the mixture and incubate for 20 minutes on ice. 3.125ml of PEG solution was then 
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added and incubate for 20 minutes at room temperature. The PEG solution was 
removed after adding 10ml STC buffer, mixed and centrifuged. 
The transformed protoplast was regenerated in 5ml MS medium (2% malt extract, 
0.6M sucrose) for four days and plated on NFM containing 20|ig/ml bialaphos. 
5.2.5 Electroporation mediated transformation 
The protoplasts released were resuspended in \00\i\ MS buffer to prevent arcing 
during the pulse, and transferred prechilled 0.4cm electroporation curette. The mixture 
was incubated for 5 minutes. Electroporation of protoplast was done using the 
Gene-pulser (Biorad). and the cell were pulsed at IkV，2000, 25|iF, followed by the 
addition of 1ml MS medium immediately. The regeneration and selection of 
transformed protoplasts was the same as in the PEG treatment. Plates were inspected 
after 5 days after the procedure. 
5.2.6 PCR screening of regenerated transformant 
The PCR screening of the regenerated colonies was done using the alkaline PEG 
method (Chomczynski and Rymaszewski, 2006). Alkaline PEG solution (60 g PEG 
200，0.93 mL 2 M KOH and 39 mL water) was prepared and the pH was verified to 
fall within 13.3-13.5. Mycelium from the colonies was collected by sterile toothpick 
and transferred to lOO i^l alkaline PEG solution. The tube was incubate 15 minutes to 
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allow cell lysis, and vortex for 5 seconds. The lysates was transferred to 20 //1 PCR 
mixture as template. 
5.2.7 Particle bombardment 
Helios Gene Gun system (BioRad) was used for particle delivery system. The 
Microcarrier Loading Quantities (MLQ) and DNA Loading Ratios (DLR) was set to 
0.5 and 2 respectively, as suggested by the manufacturer. Plasmid prepared from 
maxiprep experiment was precipitated on the gold microcarrier provided. 
A stock solution of 20 mg/ml PVP in ethanol was prepared by dissolving 200mg 
of polyvinylpyrrolidone (PVP), 360,000 MW into 10ml 100% ethanol from freshly 
opened bottle. The solution was diluted just before use to 0.05mg/mL 50mg of 0.1 [im 
gold particles was weighted in 0.5 ml tube. 100)il of 0.05 M spermidine was added to 
the particles and vortex for 5 seconds. The mixture was sonicated for 5 seconds to 
prevent aggregation of gold particles. 100^ 1 of p301.bg plasmid in nuclease free 
water was added to the mixture and vortex for another 5 seconds. lOOjil of 1 M CaCh 
was added dropwise to the mixture, and incubate at room temperature for 10 minutes. 
The solution was spin for 15 seconds and the supernatant was removed. The pellet 
was washed 3 times with 100% ethanol, and transferred to a 15ml falcon. Diluted 
PVP solution was added to the falcon to make up the solution to 7ml. The 
DNA/microcarrier was stored at -20 °C with Parafilm® around the cap of the tube. 
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A peristaltic pump for removing ethanol from the tubing was set up and 
calibrated at the rate 6 ml/min using a 15 ml falcon. The Gold-Coat tubing was then 
dry by purging with nitrogen for 15 minutes and cut to about 75 cm before the 
experiment. The microcarrier suspension was vortexed and transferred quickly into 
the Gold-Coat tubing with a 10 cc syringe. The microcarriers were settled for 5 
minutes, and then ethanol was removed. The Gold-Coat tubing was immediately 
turned for 180° and wait for 3-4 sec to allow even distribution of gold particles. The 
tube was kept rotating for 30 seconds, then nitrogen was used to dry the Gold-Coat 
tubing with rotation for 3-5 min. The Gold-Coat tubing was cut to 0.5" Cartridges 
Using the Tubing Cutter and stored at 4 °C until used. 
The helium pressure was adjusted to 200, 300 or 400 psi. The particles were 
delivered using the Helios Gene Gun (Biorad) to the sawdust mycelium culture, 
mycelium from liquid culture and mycelium from PDA plates. The mycelium after 
delivery was allowed to regenerate for 6 hours or 24 hours before detection of GFP. 
Some mycelium was plated onto NFM plates with 20)ig/ml of bialaphos to screen for 
stable integrant. The detection of GFP expression of transformed mycelium was done 
by confocal microscopy, using the manufacturer's parameters (Biorad). 
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Fig 5.1 Plasmid p301-bGl. The bar gene confers bialaphos resistance for 
Ledodes and is expressed by the 1 kb GPD promoter. The GUS gene encodes 
P-glucuronidase and is expressed by the 1.4 kb GPD promoter. Tnos, 
Agrobacterium tumefaciens NOS terminator. Kan confers kanamycin resistance in 
E. coli (Sun et al., 2001a) 
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Fig 5.2 Plasmid pLCl-bar and pLC2-bar (Enei et.al. 1998) contain bialaphos 
selectable marker driven by ras or priA basal promoter and priA terminator. 
p301-bGl is kindly provided by Professor CP Lam, pLC 1 -bar and pLC2-bar is 
kindly provided by Professor Kazuo Shishido 
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5.3 Results 
Large amounts of plasmid pLClbar, pLC2bar and p301.bg DNA was obtained by 
the maxiprep procedure. The concentration of plasmid was adjusted to 1 jig/|il and the 
OD260 to OD280 ratio was about 1.5 to 1.9. 
Modifications of the protocol for making protoplasts have improved the 
protoplast released for each experiment. Using 0.22 micron filter (Milipore) in place 
of filter paper, reblending the mycelium and using sucrose instead of mannitol 
increased the number of protoplast released for about 10 fold. 
In PDA plates, all concentration of bialaphos could cause growth retardation of 
mycelium. The size of colonies was reduced. Irregular colony shapes and the 
formation of aerial hyphae was observed (Fig 5.4). However, even at very high 
concentration of bialaphos (240|ig/ml), complete growth inhibition could not be 
attained and some growth was observed after 10 days. In NFM plates, complete 
growth inhibition was observed with 20iig/ml bialaphos. The experiment was repeated 
using protoplasts instead of mycelium and no observable colonies are present within 
one month after inoculation. On the control NFM plates without bialaphos, active 
growth was observed (Fig 5.5). 
No regenerant was observed in PEG treated transformation experiments, with in 
four repeat experiments. Similar results were obtained in no template control. L. 
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edodes strains L29 and L l l were also tested and still no regenerant was observed 
within 7 days after plating onto the regeneration medium supplement with 20 [i g/ml 
bialaphos. 
However, regenerants were observed in plates after the electroporation treatment 
only on the plates with plasmid construct within 7 days. PCR screening of the 
regenerants indicated that some of the regenerants contained the bialaphos resistant 
gene. (Fig 5.6) This was confirmed by the size of amplicon (about 600 bp) and 
sequencing of the amplified product. The colonies were transferred to fresh medium 
containing bialaphos. However the growth of the colonies was gradually decreased 
and stopped after subculturing. 
In mycelium after 24 hours of particle bombardment, only very weak GFP 
expression was observed. Furthermore, in the mycelium growing on the sawdust, 
some auto-fluorescent particulates were observed (Fig 5.7). The mixing of the green 
fluorescent particulates leads to the difficulties in observing GFP expression inside the 
cell. For mycelium from PDA plates and liquid culture, no green particulates were 
observed. The intensity of GFP was much stronger when the mycelium was observed 
after 6 hours after bombardment (Fig 5.8). Clear GFP signals were observed inside the 
mycelium at the region of bombardment, with reproducibility under delivery pressure 
at 400psi using mycelium from liquid culture and plates. Around 1 to 2 clear GFP 
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signals were observed per 12 particle delivery. No regeneration was observed when 
culturing the mycelium on NFM with 20|ig/ml bialaphos. 
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Fig 5.3 Gel electrophoresis of the plasmid pLC2bar prepared from maxiprep 
procedure (lOOX diluted) From left to right: M: lOOb.p. D N A ladder (Gibco), 1-3 
plasmid pLC2bar maxiprep samples. 
mU 
IBB 
Fig 5.4 Morphology of L54 mycelium on PDA plate with 40|Lig/ml, after one month 
cultivation. Note that the abnormal morphology of the mycelium outgrowth, 
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Table 5.1 Number of protoplasts release using the original protocol 







Table 5.2 Number of protoplasts release using the improved protocol 









Fig 5.5 Testing of susceptibility of L edodes mycelium strain L54 and L29 to 
bialaphos. Left: N F M medium with 20jLig/ml bialaphos. Right: N F M medium without 
bialaphos. 
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Fig 5.6 PCR screening of regenerated mycelium. The first lane on the left is the 100 
b.p. ladder (Seegene) 
• f t 
Fig 5.7 Auto-fluorescent of substrates in the artificial log. The red arrows highlight 
the particulate that are green fluorescent but outside the cells. 
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Fig 5.8 GFP expression of mycelium 6 hours after biolistics. A and B: Control 
mycelium in liquid culture. C and D: mycelium with particle bombardment, light blue 
arrow indicates the position of GFP expression. 
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5.4 Discussion 
The production of protoplasts from liquid culture has been optimized. The results 
revealed that blending the mycelium 5 days before the experiment, capturing the 
finest mycelium with nylon membrane filter and using sucrose instead of mannitol for 
osmotic stablizers will increase the amount of protoplast by ten folds. It has been 
shown that using sucrose will increase the regeneration rate (Kim and Kim, 1997). 
Also, most of the protoplasts released are from the hyphal tube, older part of the 
hyphae will swell instead of releasing protoplasts (Kim et al., 2000). Reblending the 
mycelium will decrease the size of mycelium clumps, and increase the amount of 
hyphal tubules. Besides the use of filter paper (Hui, 2005) in collecting the mycelium 
will certainly trap the hyphal tubules, leading to the decrease in protoplast formation. 
NFM was shown to be a better regeneration medium than PDA when using 
bialaphos as the selectable marker. A possible reason is that bialaphos inhibit growth 
by disrupting the glutamine synthase activity (E.G. 6.3.1.2)，thus limiting glutamine 
for growth and accumulating toxic nitrogenous compounds (Wild and Manderscheid, 
1984). The lower content of free glutamine in NFM, also the increase in proline 
content will further block the unwanted regeneration of the untransformed control 
(Tachibana and Kaneko, 1986). 
No protoplasts could be regenerated after the PEG transformation. The 
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transformation efficiency of PEG transformation method is generally low, and the 
strains and selectable markers in the transformation experiment might have the 
efficiency below the detectable level. Different approaches can be employed to 
improve the transformation efficiency of the PEG method, such as the use of 
bio-active beads (Liu et al” 2004). By attaching the plasmid construct to calcium 
alginate beads, the transformation efficiency was reported to be 5 to 10-fold higher 
than the PEG treatment alone. 
An alternative way to transform Lentinula edodes is by electroporation (Sun et.al. 
2002). In this study, some regeneration was observed in the electroporation 
experiment. The regenerated colonies were allowed to grow to considerable size 
(�2-3cm in diameter) and a part of mycelium was treated by PCR. Clearly the 
colonies contain the construct but the growth of the colonies decrease and eventually 
ceased. Similar observations were reported in other homobasidiomycete like 
Pleurotus ostreatus (Irie et al., 2001; Peng et al., 1993; Peng et al., 1992). Most 
transformants obtained have limited growth and cease growing after subculturing. 
Therefore in the development of L edodes transformation system, successive 
subculturing is needed to purify the transformants so as to eliminate transient 
expression (Hirano et al” 2000). 
Biolistics is the most effective but least efficient method to obtain transformants. 
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It bypasses difficult optimizations of chemical treatments and deliver DNA construct 
by physical means (Simagawa and Magae, 2002). The use of substrate is very 
important in the biolistics experiment using green fluorescent protein (GFP) as the 
marker. Saw dust substrate contains bright GFP noise located outside the mycelium, 
and therefore impossible to be used in GFP detection despite the ease of handling. 
Low auto-fluorescent signal was found in L edodes mycelium in liquid culture and 
PDA. Clear GFP signal was observed only in mycelium with plasmids introduced by 
particle bombardment at low frequencies. Only 4 spots of GFP signal was recorded 
from 36 shots of mycelium. The GFP signal observed was clearly localized within the 
cytoplasm. 
Green fluorescence of the mycelium disappeared 30 h after transformation, 
suggesting that the green fluorescent protein gene was only transiently expressed in L 
edodes. Similar results were obtained previously, even the construct stably integrated 
into the host genome after transformation with the REMI methods (Li et al., 2006). 
Perhaps the GFP transcripts or proteins within the L. edodes hyphae were not stable, 
and degradation or systemic silencing stops the GFP signal production. This 
phenomenon was first reported in Schizophyllum commune, that the introduction of 
intron will increase the GFP expression by increasing the mRNA accumulation 
(Lugones et a l , 1999). Effective GFP expression was also observed in C, cinereus and 
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A. bisporus using the same rationale (Bums et a l , 2005). The introduction of intron in 
the GFP construct may therefore increase the GFP expression, and increase the 
detection of transformation efficiency. 
Transformation of L. edodes is important for functional gene analysis by gene 
disruption, replacement or introduction of heterologus genes. In the long term will 
help the improvement in production of this economically important mushroom 
(Fincham, 1989). 
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Chapter Six General discussions 
A key step for producing fruiting bodies of Lentinula edodes is the induction of 
primordium. The mycelium will first form a hyphal knot, most cell differentiation and 
division occurs during primordium development. Hence, a drastic change in transcript 
expressed was observed to cope with the signaling and metabolism in the complex 
developmental program. Such regulation requires a number of transcription factors 
and signaling gene. Nevertheless, the exact signaling pathways and the transcription 
regulation of the formation of fruiting bodies are still unclear in L. edodes. Studies 
from model organisms such as Coprinus sp. and S. commune may give some insights 
on the pathway. One example is the induction of fruiting bodies by glucose and cAMP 
(Uno and Ishikawa, 1973; Uno and Ishikawa, 1974). The level of cAMP has been 
shown to regulate fruiting body formation together with light. A monokaryotic fruiting 
mutant strain, fisc, of Coprinus macrorhizus has been shown to form fruiting bodies 
only in the presence of light. And light has increased the intracellular cAMP level by 
adenylate cyclase and phosphodiesterase (Uno et al., 1974) Le.cdc5 protein have two 
putative phosphorylation sites of cAMP-dependent protein kinase in its C-terminus, it 
may also support the hypothesis that cAMP regulates fruiting processes. However, the 
response of the change in cAMP to the expression of the fruiting genes is still unclear. 
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Other physiological changes at carbon and nitrogen starvation in Myxococcus 
xanthus is the accumulation of guanosine pentaphosphate. It is produced by the 
degradation of intracellular acids and alkalis. This compound, if not synthesized 
correctly, will cause the inability of fruiting (Manoil and Kaiser, 1980). Also, 
guanosine pentaphosphate was also shown to increase together with its precursor, 
guanosine tetraphosphate, during the induction of spore formation with glycerol, 
indicate that guanosine pentaphosphate may have a role in sporulation in Myxococcus 
xanthus. 
Besides metabolic signaling by cAMP and guanosine pentaphosphate, 
transcription factors have an indispensable role in regulating fruiting bodies 
development, even in primitive fruiting bodies. In bacteria Myxococcus xanthus, CarD 
is shown to act as a positive element in the formation of carotenoids under light and 
fruiting under starvation. Interestingly, this protein has structural and functional 
similarities to eukaryotic high-mobility group A transcription factors.(Galbis-Martinez 
et al., 2004) In higher fungi, mating type factor has been shown to be the primary 
regulator of fruiting bodies formation (Wessels, 1993). The accumulation of the 
fruiting genes mRNA requires two different sets of both A and B mating type loci or 
mutation at both mating type loci. Single mutation at A or B loci will only lead to the 
formation of a dikaryon fails to form fruiting bodies. The mating type factor A and B 
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were already isolated in the two basidiomycete model organisms S. commune and C. 
cinereus (Kothe, 2001; Kues et al., 1994; O'Shea et aL，1998; Yang et al.，1995). In 
this study, mating type factor A binding sites were detected in the promoters in many 
of the differentially expressed genes. The direct interaction between mating type 
factor A and the fruiting genes promoters may served as a regulatory mechanism of 
the expression of those genes. 
Effort has been made to identify the secondary regulators of fruiting body 
development. FBF and THN have been postulated to be the downstream regulator of 
the mating type factors. The mutation of FBF prevents the accumulation of all known 
fruiting genes in S. commune, such as hydrophobin genes Scl and iS'c4 (Wessels, 
1992), while the mutation of THN leads to the failure of aerial structure formation in 
S. commune (Wessels et a l , 1991). However, the homologues of these secondary 
regulators have not been identified in L. edodes, and such identification will be more 
difficult without the sequence of mating type factor A. 
The objective of isolating transcriptional factor is the identification of A mating 
type genes in L edodes, which are important for strain development in 
basidiomycetes (Kothe, 2001). In this study, A mating type gene could not be 
identified by positional cloning. Unlike in most basidiomycete, A mating type gene in 
L. edodes is not physically close to the Z^MIP gene (James et al” 2004). Instead 
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LeUPA3 was identified downstream of the LeM\?. Mitochondrial intermediate 
pepetidase involved in the removal of the signal sequences of the import proteins in 
mitochondria (Gordon et al.，2000). It is also involved in oxidative metabolism in 
yeast (Isaya et a l , 1994). On the other hand, the exact function of UPA3 gene, a 
putative kinase, is still unknown. 
Developing tools to uncover the regulatory motifs from genome sequences has 
been the key issues in bioinformatics. As mentioned those TFBS are short and 
degenerate, using expression data or sequences alone may not be sufficient to identify 
the hidden TFBS. Combining the phylogenetic data with the coregulated promoter 
analysis can improve the accuracy of TFBS prediction, like in Phylocon (Eskin and 
Pevzner, 2002). The phylogenetic conserved TFBS can even be identified by the 
'single gene, multiple species', that the promoter orthologies of a gene was used to 
discover the evolutionary conserved TFBS without the expression data (Prakash and 
Tompa, 2005). However, in some cases when phylogenetic information is not 
available, sophisticated statistical approaches must be employed in order to obtain 
meaningful data. Recently, a motif identification tool called PRISM has been 
developed to address the problem of degeneracy of TFBS. Briefly, the algorithm first 
identifies the non-degenerate motifs, then it uses each of the motifs to calculate the 
high scoring, degenerate motifs. This approach has outperformed four other motif 
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discovery tools with 28 well-characterized S. cerevisiae regulons as data set (Carlson 
et a l , 2006). 
Putative transcription factor binding sites located on the promoter can give more 
information to the gene regulation. In Pleurotus sajor-caju laccase promoter, NITl, 
NIT2 and MRE (metal response element) have been identified. And the presence of 
those binding sites combining with the prior knowledge, can explain to a certain 
extend the mechanism of the change in laccase expression in response to changes in 
environmental conditions, such as metal ion concentration, and nitrogen starvation 
(Soden and Dobson, 2003). In this study, NIT2 sites have been identified in promoters 
of primordial expressed genes. Nutrient starvation has been shown to induce fruiting 
bodies formation (Kues and Liu, 2000). The presence of NIT2 sites suggested that 
these genes respond to the changes in concentration of nitrogenous compounds. 
However, the response of those primordium expressed genes containing NIT2 site(s) 
to nitrogen starvation to is still need to be confirmed. 
Both NIT2 and MATa binding sites were identified in the orthologous promoters 
in C. cinereus. This suggested that these two organisms may share common regulatory 
mechanisms of the expression of fruiting genes. Also, some novel putative motifs 
identified from L edodes were shown to be conserved in C. cinereus, such as Lpri5 
and Cpri7, Lmyc4 and Cmyc2. Such conservation in related species suggested there 
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will be a high chance for these novel motifs to be functional. 
Besides NIT2, other transcription factors such as STE12 will respond to nitrogen 
starvation. STE12 is a highly conserved transcription factor regulating important 
biological processes including mating, cell wall synthesis and filamentation (Calcagno 
et al., 2003). Another response to nitrogen stress is the induction of MAK kinase 
signal transduction cascade in Stagonospora nodorum. The expression level of Mak2 
was shown to be increasing during nitrogen starvation but not carbon starvation, also 
during sporulation. The Mak2 mutant fails to sporulate and have slower growth rate. 
The MAP kinase pathway has also been shown in Stagonospora nodorum to have 
different downstream regulators than the cAMP mediated pathway mentioned 
(Solomon et a l , 2005). 
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Fig 6.1 A proposed mechanism of fruiting body development in L. edodes. Stresses 
such as nutrient starvation activate different signaling pathways (cAMP pathway, 
MAPK signaling pathway, NIT2 transcription factor, etc.), which eventually activate 
fruiting genes and lead to the primordium formation. See text for detailed 
explaination. 
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Despite the fact that the motifs identified in this study have considerable 
biological significance and are over-represented in the dataset. Experimental evidence 
is still required to further prove their binding to the corresponding transcription factor. 
EMSA can be used to validate the motifs identified by testing the specific binding of 
nuclear extract to the oligos containing the motif sequences. Also, the protein can be 
identified after blotting of the EMSA gels (Novak and Paradise, 1995). 
Besides looking at the promoters, alternative ways have been developed to make 
use of the wealth of genomic data. Recently, an algorithm called Digital Differential 
Display (DDD) from the Cancer Genome Anatomy Project (CGAP) was used to 
predict solid tumor- and organ-specific genes from the expressed sequence tag (EST) 
database. The expression profiles were validated experimentally by RT-PCR and the 
expression level matches the computational prediction. DDD has been used to predict 
the colon tumor specific expressed genes and identified a new class of growth factor 
called Colon Carcinoma Related Gene (CCRG.) (De Young et al., 2002). 
For father investigation of gene regulation in L edodes during fruiting body 
development, other regulatory mechanisms can be investigated apart from the TFBS. 
Methylation of promoters can be the major regulatory mechanism. The addition of 
methyl groups in cytosine can suppress the expression of a gene. The most 
straight-forward method available to investigate the methylation of promoters will be 
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bisulfite sequencing. For unmethylated DNA, cytosine will be converted to uracil by 
bisulfite and detected by sequencing directly or after cloning (Frommer, 1992). 
Genomic DNA extracted from mycelium, primordium, young and mature fruiting 
bodies can be modified and sequenced separately. The degree of methylation of the 
CpG islands can be determined by comparing sequences of the modified DNA and the 
unmodified control. 
Transcript concentration within the cells can also be regulated by 3' UTR. 
Critical biological response like cell proliferation, signal transduction events and 
response to the environmental stimuli are often regulated by "transient response 
genes". Those genes are usually repressed normally and their transcripts have 
relatively short half-lifes (Khabar et al., 2005). Hence besides having strong 
promoters with regulatory motifs responding to developmental stage and 
environmental stimuli, they also have a special structure in 3’ UTR region making 
their mRNA unstable in cytoplasm. For further studies of the transcription regulation 
of fruiting genes, the 3’ UTR regions can be collected for further analysis. 
Four novel hydrophobins (hydS, hyd4, hyd5 and hyd6) were identified in this 
study. By Real time RT-PCR analysis, all four hydrophobins were shown to be highly 
expressed in mycelial stage. The structural similarity of the new hydrophobins to 
hydrophobin 2 suggested that the function of these hydrophobins will be similar. Le 
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cdcS or PriB binding sites were identified in hydl and hyd2 promoters. However, the 
presence of Le cdc5 binding sites did not prove the high expression level of hyd2 in 
primordial stage. A possible reason is that there is other regulatory mechanisms such 
as DNA methylation or Le cdc5 itself can either up or down-regulate its target genes. 
Transcient expression of both bialaphos resistance gene and GFP has been 
observed in L. edodes transformants. Obtaining stable transformant with integration to 
the genome will be the next step. This can be done by improving the transformation 
efficiency, also the introduction of intron into the gene to be expressed. All of the 
reported successful transformation experiments in L. edodes use hygromycin instead 
of bialaphos as the selectable marker. It is possible that hygromycin transcript will be 
more stable than bialaphos transcript. Also, transformation experiments were done in 
strain S1 instead of L54, in which most of the gene expression profiling experiment 
were done. It is therefore important to optimize the genetic transformation condition 
suitable to transform L54. To overcome the problem of unstable transcripts, the 
constitutive GPD promoter or ras promoter used in the expression system can be 
replaced by the strong, stage or condition specific synthetic promoters. The putative 
motifs identified can be inserted to the GPD promoter and the expression level of the 
transcripts can be tested. Such system will help us to further understand the molecular 
mechanism of fruiting by specifically expressing a heterologus protein at a specific 
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position, stage and time. 
In the long term, the identification and sequencing of the promoters and 
transcription factors in L edodes will help us to understand the gene regulation of 
most biological processes in this mushroom. Combining with the increasing amount 
of expression profiling data, sequencing power and bioinformatic tools in recent years, 
we can now elucidate the gene regulatory network of fruiting body development. 
Such network will provide important information for the improvement of the yield of 
mushroom production, by rationally changing the practice in cultivating and breeding 
mushrooms. 
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